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he Principles of Mechanics, Hydroftaticks, 


 ption of the Air-Pump, and the ſeveral Experiments there- 
on: Of the Condenſing-Engine; as alſo of the different 


with ſeveral Experiments to prove and explain Sir Isxac 
| Newton's Theory of Light and Colours, as performed in a: 


1 


By J. T. DxsacbriERS, AM. 4. E R. S. 


| | Illuſtrated with ſeveral curious Copper Plates ſuitable to each Subject. 


| To which is added, 1 
A DESCRIPTION of Mr. Rowley's Machine, called the 
ORRERU which repreſents the Motion of the Mon about the 


— Sſtem : All carefully Examined and Corrected by Mr. Beſa- 
 gubliers. 5 | 
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Earth, Venus and Mercury about the Su, according to. the Coper- | 


Species of Baremeters, Thermometers, and Hygrometers | 
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a great Number of curious Experiments: With a. Delcris, 4 
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PREFACE 


Advertiſement to the RE A DE R. 
By 15 T. DzsAGULIERS, M. A. &c. | 


= Think my ſelf obliged to give ax 
Account of the following Lectures, 

to ſerve as an Apology for their 
appearing before I deſigned to 
publiſh them. | | 
It is about fixteen or ſeventeen Tears fiuce 
Dr. John Keil (the preſent Savilian Profeſ- 
for of Aſtronomy) fir ft gave Courſes of Ex- 
= Peri- 


The Prerace. 

perimental Philoſophy in Oxford; and being 
defired by fome of his Auditors to give them 
ſomething in Writing upon that Subject, he 
wrote a few Papers to ſerve them as Memo- 
randums. I was his Scholar at the laſt 
Courſe he gave before he went beyond Sea; but ? 
can not then get thoſe Papers. Some time . 
after he was gone, I was deſired by ſome of my © 
Friends (who knew that I had applyed my 
ſelf to Experimental Philoſophy,)- to give pub- 
licꝶ Courſes, and then my Auditors deſired to 
have written Leftures. I endeavoured to get 
Dr. Keil's Lectures, (as they were called) 
which when they were brought me I found al- 
tered according to the Fancy and Number of 
the Tranſcribers. Some Papers relating to 
Motion feem'd to be tranflated from Sir 
Ifaac Newton's Principia, the Optical Le- 
ures from Dr. Gregory's Catoptricks, and 
fome of the ydroſtatical Propofetions I took to 
1 | 1 75 be 


The Pxrrracr. 


be put in the Method in which they were by 
Dr. Keil. I then corrected the Faults, added 
other Propoſitions ſo as to make the Book as 
big again as before, that it might agree with 
the Leflures I then gave, and drew ten Ta- 
N bles of Figures which I gat engraven in Copper 
Plates, that every Auditor that was at the 
1 Pains to tranſcribe the Lecturer, might have 
an Impreſſion of the Plates, to ſave himſelf the 
Trouble of drawing the Figures. Mr. Daw- 
fon (a young Man whom Sir Richard Steel 
had put under ny. Care) took a Copy of the Le- 
ctures above-mentioned, that they might be of 
Service to him when he went thro my Cour ſes, 
and they were afterwards fold aud publiſhed 
without my Knowledge. But as the Book- 
ſellers hade made me Satisfaftion, and purcha- + 
ſed the Copy of me, I have looked over the 
whole Book, and corrected every Error there- 
in; becauſe I was unwilling that thoſe wha 


buy 


Ihe PRrAcx. ; 
buy it ſhould find it an) wiſe impenfect, and © 
defirous that it might be of uſe to ſuch as g 
tro Cour ſes of Experimental Philoſophy. 

The Reader therefore 15 defired to correct I 
the Faults with his Pen, as the Errata di- 1 
rect, before he begins to read the Lectures. i 
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p. 63. I. 20. r. B comes to A. I. 21. r. the Boat A. p. 65 


- 


EE EERECASEEE 
EERATA | 


Ag. 7. Lin. 3. r. Ingredients. I. 21. r. e ceual. p. . I. 10. r. Matter at firff pull'd. 
p. 14. I. #0 weigh twelve. p. 17. I. 19. r. Fulcrum B C. p. 18. I. 19. r. oe Pound at” 
A wi ſaſtain. p. 19. 1. 19. dele ner p. 22. I. 1. r. fix'd Point. p. 24. 1. 7. r. Piece, as D. 
J. 8. r. CC. at the other End bearing on two Piccet that are higher, I. 10. r. radius of the' 
Body. p. 30. 1.4. r. lance is to the Weight of the Balance. p. 31.1. 4. T. Weight of. p. 
33. I. 15. r. f Print, Pp. 34. I. 8. dele K E G. p. 42.1. 23. r. & O the FHelocity. I. 
ult. r. to & F. p. 43. I. 2. r. EF O & GO which. p. 44. r. pondut, and of. I. 16. 
dele of the ſecond kind. p. 45.1. 6. dele L. 1. 10. r. Power muſt be te. I. 18. -r. Helices, 
I. 19. r. Velocity. I. 22 r. is longer. p. 47-1. & 8. r. an endleſs Screw. p. 53. I. 21. 
r. puſhed (by. I. 22. r. Force) towards. p. 54. I. t. r. the Force impreſi d. I. 3. r. diuble 
Momentum, or Quantity ef Motion; p. $$. 1. 13. dele with. TX 7. r. times. When, 
ibid. dele (3) after deſtends. 1. 23. r. inftant of time, as the. p. 56. I. 7. dele with. 
I. 1t. r. 4s the times, p. 62.1. 1. r. Mation. I. 13. r. po A in the Direction C A. 
1. 14. r. forwards, it. p. 72. 
12. r. towards each other with. p. 82.1. ult. dele K E D. p. 84. I. 7. r. above the 
Swperficies. p. 86. I. 11. r. exceeds. I. 17. r. immediately over. I. 19. r: to be nearly. 
I. ult. r. to preſs above. p. 87.1. ult. r. Priſms or Columns. p. 88. I. 1. after B r. F. 
I. 11. r. exactly fitted. 1. 13. r. Sides of the Cylinder, let à E be. p. 90. JI. 15. & 91. 
I. 6. dele K E D. p. 96. I. 17. r. mount. 1. ult. r. exceeded by it. ibid. for Surface r. 
Height. ibid. f. would r. when they would. p. 97. 1. 3. r. immer d. f. heavier r. 
lighter. I. 9. r. i to the, I. 14. dele to. I. 15. dele K E D p. 100. I. f. r. EA D F. p. 
103. J. 12. r. will continue. 1. 22 & 23. r. after having pump d out the Air. p. 104. J. 
11. r. external, 1. 21. r. of 28, 29; or 30 Inches. 1. ult. r. leſs than 28 Inches. p. 105. 
I. 10. r. C P. wil be. I. 11. r. C ſhall ſuſtain. I. 22 & 23. r. as before, is Gravity ac - 
ing partly. p. 106. I. 1. r. depends. 1. 11 & 12. r. ef 28 or 30 tnches. p. 107. I. penult. f. 
r. would. before to r. be. p. 108. I. 7 & 8. r. 29 or 30 Inches. I. 10, 11, 12. remain at 28, 
29, 30, or 31 Inches p. 109. I. 10. r. the different Gravity of the Air, and thereſbre ſore- 
tells foul or fair Weather. p. 111. 1.13. r. longer Tube more than in the ſhorter. 1.17. r. re- 
curved Tube. p. 113. at the end of ], 2. add, That ſbews that Pillars of Air of equal Baſis - 
and equal Heights balance one another. I. 3. r. Y will riſe by ſucking it thro' 4 Crane or 
Syphon, but net. I. 4. r. Height as Water. I. 17. 1 p. 117. I. 3. r. reſtituti ve. 
p. 118. after /aft line, r. if they be let down too ſuddenly. p. 1 20. I. 1. r. Tube. p.121.1. 
16. r. the Syringe is left. p. 122. I. f. r. made uſe of it (but according to the Alterations 
that I have made in it ſince it has been in my Poſſeſſion.) p. 124. f. Cleft r. Cloſe. p. 125. 
J. 19. f. left r. ſoft. - 1. 23. r. let the ſoft Leather. 1. 24. r. that by the Preſſure. I. ult. 
dele the more. p.129 1.7.r. hanging aWeight. p. 130. l. 6. r. will not ſubſide. 1.12.r. flaccid Blads 
der. p.134.1.5- r. che Cock. 1.9. r.Hygrometers. p.135.1.8.r. fitted. I. 10. r.31 cher. I. 11. 
r. at 30, ſometimes at 29. I. 12. dele ſometimes it will ſnk to 27. 1. 15 & 16. r. to the + 
Vantity of Matter, it #5. p. 136. J. 10, f. Society r. Academy. I. 13. f. in r. en. p. i 5 — 5 
| String: 


Ne- 


E RR AT R. 


f. String r. Chain. p. 143. 1. 11 & 12. r. highly recti fed. p. 145. I. 2. f. nice Balance. 8 
p. 149. 1. 6. f. vertical r. virtual. p. 150. I. 7. r. te a B. I. 11. r. the Angles B D a. 
| P. 151. I. 23 & 24. r. E F, and form an Image behind it, and this. p. 153. I. 2. r. be- 
| fore the Glaſs. p. 156. I. 7 & 8. r. the Angle of Refraction, I. 20. r. ofthe Light. p. 157. 0 
7 I. penult. r. the Perpendicular, in the Line H E. p. 158. 1. 3. r. towards D, and. I. 7. T. : 

. which is. I. 14. f. therein r.*hereof. p. 59. I. 14. f. Divergence r. Convergence. I. 20. r. 


1 Line parallel to the. p. 160. 1. 21. T. he ſucceſſively at a, b, and c, it wil. p. 162. I. ult. 
| r. greater in Proportion to its Diſtance from the Eye than. p. 165.1. 11. r. from A wil 
enter. ibid. f. fr. as if they. 1.18. r. at b a nearer. p. 166. 1.4. after called r. the Iris 
| ebe Eye, which is part of the Uvea. I. 5. f. as r. is. I. 16. dele by. p. 171. J. 1. r. 
| Angle 4 C b. I. 6. f. of r. at. 1.17. f. lie r. ſce. p.178. I. 6. f. Concave r. Convex. I. 11. 
| r. which is feen under a greater Angle. p. 181 r. 4 # inſtead:of a $ throughout the 
| Whole Page. p. 182. 1. 1. r. is greater. I. 4. r. 4 f. 1.11. f. ander r. on. I. 12. r. the 
| Eye ſubtendi the ſame Angle as A B. I. 14. T. 77 45K. 1.20.r.is « f. I. 21. r. Es. 
P- 283. r. * fl inſtead of a b throughout the whole Page. p. 184. I. 6. f. Convex L. 
- Concave. I. 9, 10, 17. r. 4 & for a b. I. 18. f. vertical r. virtual. p. 185. 1.1. r. t 4 f. 
I. 4. r. to F E. I. 5. r. the Image 4 f. I. g. & 11. f. virtical r. virtual. p. 186. I. 9. dele 
b. I. 12. before Image r. laſt, dele a b. I. 13, 14. r. Point of it may enter. I. 20, 21. 
r. and the laſt Image is in the. p. 188. I. 16. r. the Glaſs, as in Figure 3. 1. 21. r. Fig. 
2. p. 189. I. 10. f. it r. the firſt Priſm next the Window refra#.1.22&24.f.refraed on r. 
reflected by. p. 190. I. 1. r. particular Colour. I. 9. f. curiouſly r. copi ouſy. p.191. r. Wins 
dow, Plate 10, Fig. 7. I. 4. r. an Angle, with a perpendicular to the Paper. p. 193-1. 1. 
f. Hooks r. Hoops, I. 16. f. thirty Pound r. an hundred and thirty Pounds.” p. 197. J. 21. f. 
sr. the. p. 198, 1.3: after Orbit r. it. 
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Juſt Publiſhed, 
SHER HAAY ES 
Method of Studying PHYS ICk. 


Ontaining what a Phyſician ought to know 
in Relation to the Nature of Bodies, the 
= Laws of Motion; Staticks, Hydroſtaticks, 


Hyadraulicks, and the Proprieties of Fluids: Chymi- 
fery, Pharmacy and Botany: 51 Myolog y. 


Splanchnology, Angiology and Diſſection : The 
Theory and Practice. of Phylick : hyſrology, Pa- 
thology, Surgery, Diet, &c. And the whole Pra- 


x# Medica Interna; with the Names and Chara- 


ters of the moſt excellent Authors on all theſe 


ſeveral Subjects in every Age: Syſkematicks, Obſer- 
wvators, Operators, GC. heir beſt Editions, and 


the Method of reading them. Written in Latin 


by the Learned Herman BOERHAVE, Now Pro- 
feſſor of Phyſick in the Univerſity of Leyder. 
Tranſlated into Engliſh by Mr. Samber. Price 
Five Shillings. | 


Medicum creavit Altiſſimus. Altiſſimus creavit de Terra 
Medicinam. Eccleſ. cap. 38. 
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| Printed for C. Rivington, at the Bible and Gown in 


St. Paul's Church-Yard : B. Creake in Fermyn-Street, St. 
James's ; And J. Sackfield in Lincolns-Inn-Square, 
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SYSTEM 
F 
Experimental PHILOSO PH, 
Prov'd by 


MECH ANI C KS. 


WHE REIN 
The Principles and Laws of Phyſicks, Mecha- 


aicks, Hydroſtaticks, . and Opticks, are demonſtrated and 
explained at large, by a great Number of curious Ex- 
periments : With a full Deſcription of the Air-Pump, 
and the ſeveral Experiments thereon : As alſo of the 
different Species of Barometers, Thermometers, and Hy- 
drometers ; as ſhewn at the publick Lectures in a Courſe 
of Mechanical and Experimental Philoſyphy. As performed 


By J. T. DESAGULIERS. M. A. F. RS. 


5 Illuſtrated with ſeveral C opper Plates. 


To which 1s added, 


Sir Iſaac Newton's Colours: The Deſcription of the conden- þ 
ſing Engine, with its Apparatus: And Rowter s HORARY; a 
Machine repreſenting the Motion of the Moon about the Earth ; 


Venus and Mercury about the Sn, according to the Copernican 
SYSTEM. 
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LOND O N: 


| Printed for B. CR RAK E at the Bible and Ink-Bottle in Jermyn- 
Street, St. James's: J. SACKFIELD, in Lincolns- Tan-Square : And 
Sold by W. MARS, at the Lamb without Temple-Bar 1719. | 
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me from my: InfancYcars 
has been ſo remarkably 
| Generous, that I ſhould. be 


_ guilty of the deepeſt Ingrati- 
| tude 


The Dzp1cATrIoN, 


ku in the World, did I not 
| lay hold of all Occaſions of 
acknowledging the many and 
great Obligations I have to 
you. 


[ therefore humbly Preſent 
to You the following Treariſe, 
containing the ſeveral Ph:/ofo- 
phical Experiments ſhewn by 
Mr. Deſaguliers in his publick 
Ledlures, which I have carefully 

collected, and that cane, 


_ of, 


2 2 * 
* 
Re 


The * DICATION. 


16G { 03 RAM 
{ & Work 0 Gone cannot 
ful to give extream Pleaſure 
and Satisfaction to all Gentle- 
zen Who are Lovers of the 
moſt uſeful Part of Ph1/oſophy, 
the Experimental | eſpecially 
thoſe who have been preſent at 
theſe Courſes of Mr. Deſagu- 
lers, as I my felt have con- 
N been. 


AM. #3, 


* Alc: As my fatceſsful going 
through theſe Courſes, has 


* been 


The Depic aT1ON. 


been entirely owing to Your 


Munificence and Bounty, fo I 
know of no one who has ſo 
great a Right to this Treatiſe as 
Your Self, from whoſe Gene- 
roſity it derived its Being 


It flys then to Vou for Pro- 


tection, who have merited ſo 
much from Mankind 
-whoſe N ame will ſhine for e- 
ver Bright amongſt thoſe of 
'the BELLE LETT RE: This 
Will be an Honour to Mr. 


; and 


D- 


The DEDICAT ION. 


DES AGUILIIERS, Whoſe Ex- 
periments they are; but par- 
ticularly ſo to, 


SIR, 
Four moſt obedient, 
and moſt fai thful 
Servant, 


PAUL Dawsox. 
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The Contents. 


Of the Laws of NATURE p. 47. 
HYDROSTATICHS. 74 
Definitions and Experiments. From 74 


to 122. 


A Deferiptim of the AIR-PUMP 
Mr. Boy LE made uſe of. 122. 


Experiments of the AIR - PUMP. 


128. 


How 10 Cundenſe the ATR, ſo that you 


may put what Quantity you pleaſe into a 
Velſei. 1 


Of BaROMETERs, THERMOMETERS, 
and Hy DROMETERS. 134. 


CATOP- 


"The Contents. 


CATOPTRICAS. pi. 147: 
Definitions. LOGS. 
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_ ass u 2. 


128 Iſaac Newtow's © OLOURS 


P. 187. 


4 Def ag of the Condenſing 
E. NGIN FE wh is e 


Ac DescrietION: of RowWher's 
H O R A R T, being a Machine to 
TEIN repre- 
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The Contents. 


repreſent the Motion of the Moon, about 
the Earth, and the Earth, Venus and 
Mercury about the un. p. 194. 


18 PW 8 1 K by 


Experimental p HILOSOPHY, 


RO BY 


MECHANICKS 


= ATURAL Philoſophy is that Science 
| which gives the Reaſons and Cauſes of 


. the Effects and Changes which natu- 
; rally happen in Bodies. 

a And that we may not be deceived by falſe No- 
tions which we have embraced without Examin- 


ing, or that we have received upon the Autho- 
B rity 


PR_—_— — FE}, 2 T — | 
rity of others; we ought to call in Queſtion all 
uch things as have an Appearance of Falſhood, 
that by a new Examen we may be led to the 

„ | 6 

This Examen is to be made by Suppoſitions, 
which we may rely upon, when they agree with 
Experiments; but if only one Experiment is con- 
trary to any Suppoſition, that Suppoſition muſt 
be rejected, and a new. one made, till we find that 
it agree with all — cites, Therefore, we 
muſt not go about to define a Cauſer unleſs we 
know its Effects; or lay down a general Propoſi- 
tion, if we doubt of any of the Particular it 
comprehends, leſt we run into Errors and take 
things for granted, which have been found con- 
trary to Experiments and Mathematical Demon- 

ſtrations. An Inſtance of this may be given in 
what has formerly been ſaid about fear and 
Cold, *1z;.: That Heat unites homogeheous BS. 
dies, and ſeparates heterogencous Bodies; and 
that Cold unites heterogeneous Bodies, and ſe- 
parates homogeneous; all which! we find to be 

falſe in ſeveral JIftanices! ot go gp hhele DNA 

1. Mix and Melt Cold and Silver together, 

and the Fire will not ſeparate them; neither will 

II | K it 


= — » hg 


[3] 


it ſeparate tuo Parts of Braſs mi 
| © ©». E 0 1 41 


xed: with onc of 

Copper. DIIELSG ei zu 10 10859127 SH „fn 
2. It rather unites, than ſeparates ſuch hetero- 
geneous Bodies as have an aptneſs to Coalition; 
as in making Plaiſters and Ointments, &c. and 
in uniting. Salt-Perre and Aſbes, into ſo durable 
a Body às Claſs. Jo e vn 
Fire only diflocates the Parts of Bodics, and 
ſubdivides them into minute Particles, without 


reſpect to their being Homogeneous or Heteroge- 


neous; which is evident in boiling Mater, or o- 
ther Liquors, whoſe Steams condenſe to the ſame 
Subſtances again. And in Diſtillatins, where all 
the Parts are in a Confuſion"uponahe-flackening 
of the Heat, or the Parts receding from it when 


driven into the Receiver, they take Place accord- 


ing to their Speci ſick Gravities." Surly Parts allo, 
as are moſt eaſily Separated, are ever carried firſt off 
as in the Diſtillation of Man's Blood; firſt Ma. 
ter, then Spirits and Salt, then Oil. The Farth 
and Alkali remain together becauſe of an equal 
Degree of Fixedneſs, tho“ Heterogencous. Cold 
does not always unite heterogeneous Bodies, but 
ſeparates em; as in the Urine of healthful Peo- 
ple it cauſes a Sediment, which is again diſper- 

B 2 ſed; 


.. 

ſed, and made to diſappear by Heat. And by 

Froſt, the Strength of Mine is ſeparated, and un- 

frozen in the middle of the Veſſel: Strato, 
Duſt, Wood, &c. are no farther united in Ice, 
than as they are fettered up in the frozen Mater. 
By Elements, the 1 2 meant moſt Sim. 
ple Bodies, of which they ſaid, all the Bodies 
we ſee, are made, and which may be extracted 
from all Bodies. But they have been miſtaken 
in conſtituting their Elements, becauſc they did 
not ſo much explain the Nature of things, as 
what Senſes thoſe things excite in us. 

They that conſidered things as they affect the 
Sight, made only two Elements; the Lucid and 
Opaque; tho they gave but a blind Account of 
Light and Colours. 


- . The four Elements that have obtained ſo long, 
only expreſſed the ſeveral ways that our Touch is 
affected; for thoſe: that eſtabliſhed them, conſi- 
dering Heat and Cold, Moiſture and Dryneſs, 
ſuppos'd em the Properties and primary Quali- 
ties of all Bodies, and accordingly conſtituted 

four Elements. . "ft 2200 
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the Earth,) q %% and Dry 
The Water, „ cold and Moi ſt, 
The Air, bac arc Hor and Mk 
The Fre. | Hot and Dry. 


To illuſtrate this Doctrine, and prove that 
theſe are in, and may be extracted from Bodies; 
they uſed to burn a piece of Green-wood, and 
call the Coals and Flame, Eire; the Sweat, Na. 
ter; the Smoak, Air; and the Aſhes, Earth. 

But theſe cannot be Elements according to 
their Definitions, for they are. not Simple and 
Unchangeable, but may be altered and produced 
de novo; the Smoak, which they call'd Air, may 
be condenſed into a Liquor; "the Fire is only 
fubtile Matter in a rapid Motion. 

The Moiſture will produce Caput mortuum, and 
Oils. The Aſhes, which they call Earth, will make 


on 

Beſides, ſeveral things are not reducible into 
four heterogeneous Bodies, as Cold, Silver, Di- 
amonds, common Glaſs, Venetian Talk. Tho 
They and the Chymiſts have often endea- 
vour'd it, and if they could do it, yet they 


could 
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could not prove their Elements to be unmixed, 
becauſe . ſnew the contrary. The 
Chymiſts Principles are Salt, Sulphur, and Mer- 
cury, which they call their Elements, but as er- 
roneouſſy; for theſe cannot be had from Glaſs, 
Gold, Diamonds, Sand, &c. or may be deſtroy- 
ed and produced de noπ . Pile cr 

Mr. Boyle athrms, that Quick-ſilder has been 
turned into Water, and Sulphur altered; and 
that the Mercaries, Sulphurs, and Salts of the 
Chymifts, are not Similar Bodies ; whereas, to be 
Elements, each ought not to differ from thoſe of 
the ſame Name, more than Drops of Mater do 
from one another. Otliers add to theſe three 
Principles, Caput mortuum and Phlegm; that is, 
Mater and Earth; but theſe five are produceable 
even from Mater alone; and Art can of two E- 
lements compound a Body, as durable as any in 
the World, viz. Glaſs made of Aſbes, that hath 
only Salt and Earth. | | 1 

The Doctrine of Acids and Alcalis, is as 
faulty as the foregoing; for none of theſe Hypo- 
theſes can account for Firmneſs and Fluidity, the 
Phenomena of the Load. ſtone, the Formation of a 
Fetus, Sounds, and a thouſand other things that 
fall under the Notice of a Philoſopher. And 


8 


&; 
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And as long as the Ch miſts, or any other Philoſo- 
phers endeavour to explain things by a Number 
of mixed Ingedients in a State of Reſt, they will 
be deficient; ſince the greateſt Part of the Affecti- 
ons of Matter, and conſequently the Phænome- 
na of Nature, ſeems to depend on the Motion 
and Contrivance of the {mall Parts of Bodies. 

That Philoſophy therefore is the moſt reaſona- 
ble, which teaches, 6 1 156ʃ 
I. That the Matter of Natural Bodies is the 
ſame; namely, a Subſtance extended, diviſible, 
and impenetrable. | 

2. That ſince there can be no Change in Mat- 
ter, if all its Parts were at Reſt — — 
to diſtinguiſh the general Matter of the Univerſe, 


— 


into a Variety of natural Bodies, it muſt have 


Motion, in ſome or all of its Parts, which muſt 
be varioufly determined. And tho' it is manifeſt 
to Sente, that there is a local Motion in Matter; 
yet Motion is not included in the Nature of 
Matter, Cœval with it; Matter being as much Mat- 
ter when at reſt, as when in Motion. And tho' it 
be wholly diſputed, how Matter came by that 
Motion, by thoſe who acknowledge not an Au- 
thor of the Univerſe; yet ſince a Man is not the 

worſe 
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worſe Naturaliſt for not being an Atheiſt ; we 
allow that the Origine of Motion in Matter, as 
well as of Matter it ſelf, is from G O D. ; 

3. That local Motion is the chief Principle a- 
mongſt ſecond Cauſes, and tlie chief Agent of 
all chat happens in Nature. Bulk, Figure, Reſt, 
Situation, and Texture, being the Effects of 
Motion ; as in a Watch or Clock; it is Motion 
therefore that makes all uſeful. ky 1 
Des Cartes ſuppoſes Matter as fixt, let it be pulled 
into pieces of what Shape any pleaſes to imagine; 
we will ſay Cubick, as moſt obvious. Then eve- 
ry one of theſe Parts being turned ſwiftly round 
its own Center, and alſo about another Center 


common to all the Parts; the Corners muſt be 
wore off of ſeveral of theſe Parts, and a fine Duſt 


be made by that Friction. The ſmall Duſt is 
the Materia Hubtilis, or firſt Element; The Cubes 
that have been rubbed round into Globules, 
make the ſecond Element, of not ſo ſwift a Motion 
as the firſt, which is agitated between the Interſti- 

ces of the Globules; The Cubes that have not loſt 
their Shape, by having their Angles much broken, 
make the third and unactive Element. 1 


1 
2 
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- To. illuſtrate this Hypotheſis, take Cubes of 
Clay, and ſhake them together in a round Box, 
till ſome of them are become pretty near round; 
the Duſt repreſents the Materia Subtilts, the roun- 
deſt Pieces the Clobuli of the ſecond Element, 
and ſuch as have not much changed their Shape, 
the third Element. ein 
Tho' this Hypotheſis may ſcem ingenious e- 
nough at firſt, yer it duly weighed it will appear, 
inconſiſtent with Experiments, and the Laws of 
Motion. Take a Dozen or two of Cubes of any 
bigneſs, for Example, ſome of an Inch, ſome of 
half an Inch; and having ty'd a Thread to each, 
and all the Threads to the Center of a' round 
Table, made to turn cafily upon a Pwr; (as 
the Table of Plate 3. Fig. 5.) as ſoon as you have 
given the Table a ſwift Motion round its Cen- 
ter, all the Cubes will recede from the faid Cen- 
ter, and ſtretch the Thread; which ſhews they 
cannot grind each other into Globules ; ſince by 
reaſon of their centrifugal Force, by which they 
are whirled round one common Center, they muſt 
recede from each other. 3 

If we ſuppoſe any ambient Surface ro make a 
Keſiſtance (as the Box does in the Caſe of the 
0 Cubes 
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Cubes of Clay) then cither the Cubes touch one 


another before the Motion begins, or they do 
not. If there be a Plenum (as Cartes believes) 
the Cubes touching one another in all the Parts 


O 


of their Surfaces, cannot grind cach others Cor- 
ners off by a particular Motion in cach Cube; 


but muſt all move together, and become one Bo- 


dy, as before the rude Lump of Matter was ſup- 
poſed diſtributed into Cubes. If there be any 
Spaces between the Cubes, there muſt be a Va. 
cuum (which Cartes denies) or that Space muſt 


be filled with a ſubtile yielding Matter; which 


would be ſuppoſing the Materia Subtilis, before 
we ſuppoſe it, which is abſurd; or denying Mat- 
ter to be Homogeneous, which is before Sup- 


poſed. 


That Firmneſs and Fluidicy, Heat and Cold, 
Odours, Savours, Colours, and Sounds, depend 
upon the Shape, Size, and Motion of the Parts, 


may appear from two cold Things producing 


Heat; as Oil of Tartar per Deliquium, poured on 
Oil of Vuriol, will cauſe it to boil and fume, 


5c. | 


A ſolid Body will loſe its Smell and Firmneſs, 
by the Infuſſon of one Liquor, and recover both 


by 


Bin 
by the Infuſion of another. As Camphire will be 
diſſolved, and loſe its Scent, by the Infuſion of Oil 


of Vitriol; but by puny on Water, the Smell 


and Solidity will be reſtored. Jal Armoniack 
diſſolved into Mater, makes a Mixture colder 
than cach is ſingly. | 


Mater will be fo rarified by means of an E. 
olipile, as to become lighter than Air; and if the 
Hand be held near the Mouth of the HHolipile, 


the Water that ſtrikes on the Hand, will again be 
condenſed, and become as heavy as at firſt. Se ve- 
ral more Experiments prove this Hypotheſis. 
Now if Firmneſs, Fluidity, Heat and Cold, 


Smells and Savours, depended only upon a 


Mixture of Ingredients, as ſome affirm ; then firſt, 
two cold Things would continue Cold when 
mixt. Secondly, A Liquor without Smell would 


not give Scent to another Liquor. Thirdly, Two 


Fluids when mixed, would continue Fluid ; but 
the. contrary is ſhewed by ſeveral Experiments. 


Ihe Extenſion of Matter, and its Impenetra- 


bility, are ſelf- evident; and its Diviſibility ap- 
pears from the Ductility of Cold; for an Ounce 
of Cold will guild a large Piece of Silver, which 


when drawn into Wire, will likewiſe then be all o- 


Cz ver 


. 
ver guilded, tho the Wire be fo ſmall, as to 


reach above A Hundred and fiſty Miles. Sec an 
Account of the Ductility of Gold, given in ſquare 


Lines, in Clarke's Rohault, Part 1. Chap. 9. 
A Candle ſeen by a whole Multitude, ſhews 


the Diviſibility of Matter to be infinite, becauſe 
the Rays of Light muſt enter every Man's Eye; 


for unleſs thoſe fine Parts of the Fluid made an 
Impreflion upon the Retina of the Eye, the Can- 


dle would not be ſeen. 5 21 
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MECHANICAL PRINCIPLES. 


H E Quantity of Motion which we 
el ſometimes call the Adomentum, or 
| {omctimcs ſimply Motion, is that 
==: Force or Energy by which a Body 
changes its Place. Therefore we ought to rake 
care leſt we ſhould confound Motion and Velo- 


city together; becauſe ſome People think, one 
Body to have more Motion than another, when 


it moves faſter, altho it ſhould be leſs than the 
other 


(13) 
other; whereas it may only be ſaid to have more 
Velocity, Celerity, or Swiftneſs. But Motion is 
always eſtimated from a Conſideration of the 
Quantity of Matter in a Body, and its Velocity 
together; for the ſame Force which will throw a 


Two Pound Weight three Yards (or give it thtee 


Degrees of 3 will throw a Weight of 
One Pound fix. Yards (or give ſix Degrees of Ve- 
locity) and therefore. the One Pound Weight, or 
the Body which has the leaſt Quantity of Matter, 
cannot be ſaid to have more Motion in it than 
the Iwo Pound Weight (or the Body which has 
twice the Quantity of Matter) tho it moves as 
faſt again: For if we conſider, that when the 
Force or Motion, which is able to carry one 


Pound ſix Yards, is 2 to 2 Two Pound 
the 


Weight, each Half of the Two Pound Weight has 


an equal Share of this Motion ( now diſtribu- 


ted) it will be plain, that the Two Pound Weight 


ought to be carried but three Yards. The Quan- 


rity of Motion may be increaſed, cither by keep- 
ing the ſame Quantity of Matter, and 'augmen- 


ting the Velocity, or by keeping the ſame 
Velocity, and increaſing the Quantity of Mat- 


ter, or by increaſing both; and therefore the 


abſo- 


L 14.0 
abſolute Force by which Bodies are moved, is 
known by the Multiplication of their Celerities 
7 10 into their Matter or Weight. 
BNA s for Example, in the two 
I] Bodies, A and B, let A be 


Pounds; let the Velocity 
with which A is moved be 
ſix Degrees, and let B have 
four Degrees of Velocity, 
then the Pegrees of Motion 
in A will be thirty, and B will have cigth De- 
grees of Momentum, or Motion. 

Suppoſe A to have twelve, and B two Pounds; 
let A have four Degrees of Velocity, and B thir- 
ty, the Quantity of Motion in A will be forty- 


> * 


cight, and in B 60. From hence it follows, that 


any little Body may have its Motion equal to 


the Motion of any great Body, wiz. If the Ve- 


locity of the little Body is ſo much greater than 
the Velocity of the great Body as the Quantity 


of Matter in one is greater than the Quantity of 


Matter in the other, (i. e) when both Bodies have 
their Velocities reciprocally proportionable to 


their Weight, their Momenta, or Quantities of Mo- 
| Y tion 


five Pounds, and B two 


e 
w = 4%, >» TS 
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tion will be equal. As for Example, let A be 
fifty Pounds, and B two Pounds; let the Velo- 
city of A be 3, and of B 75; now 50 has the 
ſame Proportion to 2, as 75 has to 3; and 
— 2 — of Motion in A, which is 


3 times 50, or 150, is equal to the Motion in 


B, which is twice 75, or 150. If the Velocities 
of Bodies are equal, their Quantities of Motion 
will be as their Matter, which is contained in 
them; and therefore ſince all Bodies (abſtracting 
from the Reſiſtance of Air) deſcend equally faſt; 
the Motion which Bodies acquire by their Gravi- 
ty in deſcending, will be as their Quantity of 
Matter. As a Feather deſcends as faſt in vacuo 
as a Pound of Lead; but ſuppoſe the Lead. 
100 times heavier than the Feather, the Momen- 
tum of the Lead will be 1000 times greater; 
Gravity is the Cauſe of the Deſcent of both: 
Therefore there is 1000 times more Gravity re- 


| quired to make the Lead deſcend; chan the Fea- 


ther; ſo that the Feather which has 1000 times 
leſs Matter than the Lead, may deſcend with as 
great Velocity as the Lead, the Momentum of 


the Lead being 1000 times greater than it. 
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And conſequently, ſince all Cauſes are pro- 
portional to their Effects, the Gravity of Bodies, 
which produces their Motion downwards, will 
likewiſe be proportional to the Quantitics of 
Matter in Bodies; and therefore the Quantity of 
Matter in any Body, may be eſtimated by its 
Weight; and therefore if an Inch of Lead be 6 
times heavier than an Inch of Mood, there muſt 
be 6 times more Matter in the Inch of Lead, 
than in the ſame bulk of Mood; and hence may 
be drawn a _ Argument for a Vacuum. For 
tho' we ſhould grant the Exiſtence of e Materia 
Subtilis; yet ſtill the Queſtion will return, how 
this Matter comes to be ſo fine, but by having 
void Spaces? 

Wie muſt then alſo ſuppoſe the Pores of all 
Bodies to go in a ſtrait Line, and Horizontally; 
and they muſt always be ſuppoſed to move in 55 
{ame ſtrait Direction; otherwiſe the Materia 
HFubtilis would be reflected, and ſo conſequently 
not fill up all the Pores; ſometimes hindering, 
and ſometimes not hindering the Gravity of a 
Body; ſo that the ſame Body would be more or 
leſs heavy, as its Pores lay in a horizontal, or 
contrary Poſition. The whole Effect of * 

nical 


L 7 1] 


nical Engines, is to diminiſh the Velocity of the 
Weight to be raiſed, ſo that the Quantity of 
Motion it will have, may be no more than the 
Quantity of Motion in the Power that raiſes the 


Weight. | 

Suppoſe a Man can raiſe by his Strength, with- 
out an Engine, only ten Pound Weight, with a 
determinate Degree of Velocity; it's not poſſible 
for him with any Engine to raiſe a hundred 
Pound with the 4 Velocity; yet by the Ap- 
plication of an Engine, a Man can raiſe a Hun- 
dred Pound, with the Toth Part of that Velocity. 
Plate 34. Fig. 1.] Now all that the Engine 
does, is to diminiſh the Velocity of the Pondus, 
ſo as to make its Motion no greater than the Mo- 
tion of the Power raiſing it, as may be ſeen in 
the Vectis, which we ſuppoſed as a Mathemati- 


cal Rigid, or inflixible Line, only moving round 


che Point C, which is called the Fillerum, B C, 


and C A are called the Brachia. In the Statera, 
the two Brachia, (tho the one be longer than 
che other) are equally heavy; and conſequently 
B C keeps in Equililrio C A, which is divided in- 

to 10 Lengths, each of which is r to B C. 
Let Q be the Weight > is to be found out 
11911 | | by 


\ 
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by hanging any given Weight P upon the Bra. 

* CA, and moving it up and down, till it 
makes an Equilibrium, you will find out the 
Weight Q; for ſince P in the Diſtance 5, is E- | 
uiponderate with Q, it follows that Q is the 
33 of P, as is here Demonſtrated. 9 
Now ſuppoſe that if the Brachia are equal, a 
Man could only raiſe ten Pounds; then I ſay, 
that if you alter the Brachia, and make C A 10 
times longer then B C, he can by this Engine 
raiſe a Hundred Pound; for, becauſe B 2 is 
but the Ioth Part of C A, the Space B b will be 
but the roth Parr of A a, and conſequently 
when B moves, it will haye but the Ioth Part of | 
the Velocity of A; but by Suppoſition the Force 
of A is ſo great, as to faiſe by that Velocity a | 


Body of Ten Pounds, therefore it will raiſe by 
the 10th Part of that Velocity a Body of a Hun- 
dred Pounds. From henge it follows, that the 
Weight at A will weigh 10 Pounds, placed at B; 

for, . A a is IO times greater than B b, the 
Velocity of One Pound at A, will be Io times | 
greater than the Velocity of Ten Pounds at B; and 
therefore their Quantities of Motion will be e- 
qual, they being reciprocally * to 
their 
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their Weight. Since then, the two Bodies have equal 
Momenta, or equal Forces that moved them; 
theſe Forces being contrary, or acting contrary, 
the one to the other, will deſtroy one anothers 
Motion, and keep an Equilibrium. 

A Point in any Body ſo placed, that all Mat- 
ter on every Side Gravitates equally, is called 
the Center of Gravity of that Body ; the Center 
of Gravity is not always the Center of e Magni- 
tude, as in the Statera Romana, where it's not 
required that the ſhort Brachium ſhould have an 
equal Quantity of Matter to what the long one 
has. a | 
The Center of Motion is that Point, round 
which if a Body moves, every Point of it de- 
{cribes Circles, whoſe Centers are in the Center o 
Motion. The Center of Gravity of all Bodics 
deſcends as much as it can; and it a Body be 
ſuſpended by its Center of Gravity, it will no 
retain any given Poſition ; for in that Caſe t 
Center of Gravitycannot deſcend. If the Center 
of Gravity be different from the Center of Mo- 
tion, and then if the Center of Gravity be put 
out of the Perpendicular, the Body will turn 
round till the ſaid Center of Gravity be juſt un- 

|. MY der 
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der the Center of Motion, for then it has de- 
ſcended as much as it can. 

Plate 3d. Hg. 2d. Let A B be a Beam, whoſe 
Center of Motion at m is above the Center of 
Gravity c, if it were turned out of the horizon- 
tal Poftion, the Center of Gravity muſt aſcend, 
Suppoſe to k; and therefore if the Body be left 
to it ſelf, twill turn round, till the Center of 
Gravity comes owe to its former Poſition. 

In a Balance the Axis, and the Center of Mo- 

tion is a little above the Center of Gravity; for 
if it were exactly in it, it would retain any given 
Poſition ; but by being above it, the Beam of the 
Balance when in Aquilibrio, muſt ſettle it ſelf 
in an horizontal Poſition. | 

The Center of Motion may be put below the 
Center of Gravity, but if you move them ever 
ſo little out of an exact Perpendicular, the 
Scales will not be in an Equilibrium ; but as ſoon 
as you let the Balance hang freely, the Center 
of Gravity will get below the Center of e Mo- 


gon. | 
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 Mxecnanicar PowERs. | 


N DEFINITIONS. 


WE, Weight nt any Body to be raiſed, or 
EA mov d. _ To BE U an 5 
=== 2. 4 Power is that Force by which a 


Weight is raiſed, whether it be a Force that Draws, 
or Puſhes, or Strikes, or a Weight which Cravi- 
tates ; for a Weight is a Power, in reference to the 
heavy Body which it may move. k 

3. The Abſolute Gravity of a Body, is its En- 
deavour to «ea in a free Medium. 

4. The Relative Gravity of a Body, is its Endea- 
vour to deſcend when it touches, ſomething elſe be- 
ſides the Parts of the Medium; and that is al- 
ways leſs than the Abſolute. 7 

5. Equilibrium, is, when there is the ſame 
Quantity of Motion in the Pozver, as there is in 
the Weight; becau ſe the ſe Motions being contrary, 
the one deſtroys the other. 

Kg | 6. The 


| L 28 | | 
6. The Center of Motion, Fulcrum, or firft Point, 
are all the ſame. NE Cats” 
7. The Line of Direction of a Power or Weight, 
is that in which it endeavours to move. In a'heavy 
Body the right Line, by which it endeavours to 45 
ſcend. In a Power, the right Line by which 4 
Power draws or puſhes a Weight, (Plate 1. Fig. 1.) 
If C draws A over B, BC us the Line of Di 
rection of the Power, and A D that of the 
WD wor it reſiſts the Traction. | 
FS. The Application of a Power. to a VeCtis, or 
Leaver, is the Angle which the Line of Direction 
of that Power 59 with the Leaver, as the An- 


* 


gle AB E in Fig. 2. Plate r. 

9. The Diſtance of a Power or Weight is a 
Line drawn from the fixed Point pertendicular to 
the Line of Direction, as CF. Fig. 2. Plate 1. 

Io. In all regular and homogeneous Bodies, the 
Center of Gravity # in the Center of Magni- 
tude. | 4 | 


SUPPOSITIONS., 
1. We muſt ſuppoſe the Earth flat, becauſe the 


greateſt Engincs are but as a Point, when compared 


with the Surface of the Earth. 


2. When 


= 
2. When heavy Bodies fall freely, they make 
Lines perpendicular to the Earth, meeting in the 
Center of the Earth ; and thoſe we are to ſuppoſe 
ahh. | Fn 1 7 
= . Tho Engines are 1mperfect, we muſt ſuppoſe 
= 3 perfect ; "that by ſuch a Suppoſition we — 
R better find out what they'll do, as that Bodies are 
= perfedtly hard, ſmooth and homogeneons. Lines 
= Pfrrait, without Weight, Thicknefs, or Flexabilily, and 
y Cords extreamly pliable. 2K OE 


AXIOMS. 


I. To raiſe aWeight with an Engine, the Velo- 
city of the Power muſt be increaſed and that of the 
Weight leſſened. = 
2. The Center of Gravity always deſcends as 
low as it can. 

3. A Body can fall no lower than it 1s, unleſs 
its Center of Gravity deſcends. | 

4. If all the W 1 0 of a Body was reduced in- 
to its Center of Gravity, it would: move as be- 


- 


Propo- 


L 24. 
Propoſition I. Probleme: 
Horb to make a heavy Body ſeem to riſe of it ſelf: 


"T HE. Body muſt be a double Cone of 
- Wood, or any ſolid Matter, as in this Fi- 


77 Set two long flat Pieces of 
<> Wood on a Table, croſſing each other 

| at one end on. another Piece (Plate I. 
Hg. 3.) as C C D, ſo as to raiſe them almoſt as high 
above the horizontal Plain at the other End, as 
is the Difference of the Radius at A, and that at 


B; then lay the Body A B A upon them ar D, 


where they muſt meet in an Angle, and it will 


roul up to C, if the Diſtance C C be no great- 


er than the Diſtance A A. The Reaſon follows: 
When the Body is laid on at D, the Center of 
Gravity, which is in the middle of the Diameter 
B A, where it's cut by the Axis (Plate 1. Fig. 3.) 
A A ( becauſe the Body is Regular and Homoge- 
neous} is higher than it is when the Body has 
rouled to CC. Now becauſe the Center of Gra- 
wity endeayours to fall as low as it can, the Body 


will roul to C C, where it's lower than it was 
| before, 


2 „ 
before, tho its Supporters be higher, as will ap- 
pear by holding a Thread horizontally from D 
to E; for if the Body touch the Thread when at 
D, it will be below it when it has rolled to E. 


Prop. II. Theoreme. 


What is ſaid of the Deſcent of a heavy Body, 
is to be underſtood of its Center of Grawity ; be- 
cauſe unleſs the Center of Gravity can fall, the 
Body cannot fall, by the foregoing Prop. tor the 
Body (Plate 1. Fig. 5.) AB CD, which ſtands 
upon. the horizontal Plane F C, cannot fall to- 
wards E, where it inclines; becauſe its Center of 
Gravity E would riſe, which appears (Fig. 5.) by 
drawing the Arch E F about the Point B. But 
AB CD will fall, becauſe its Center of Gravity 
can fall, as (Hg. G.) appears by Conſtruction. 


„ SCHOLIU AM 

Hg. 4.) Since the firſt Impulſe of an heavy 
Body downwards, is begun at its Center of Gra- 
vity, and that the Center of Gravity endeavours 
to get as low as it can; a heavy Body muſt 
endeavour to deſcend in a Line (called the 
Line of Direction, as E G, CO) drawn from 
its Center of Gravity to the Center of the 
| E | Earth, 
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Earth, or Centrum Gravium, which is the loweſt 
Place; and if it can't move in the Line EG, by 
reaſon of the Interpoſition of a Plain, (fo incli- 
ned as not to hinder the Center of Gravity from 
deſcending) 'twill fall obliquely by ſliding or 
rolling, ſo as to get into the Line of Diredtion. 
CO, as faſt as it can. 


"EOROLL. 1 


Hence alſo will the Body D ſlide, and the Bo- 


dy F roll upon the inclined Plane AB C (Fig. 4.) 
to get to the Line CO, Parallel to its Line of 
Direction E G. 

CO ROLL. 2. 


Fig. 5. and 6.) Hence alſo will Bodies ſtand 
firm upon an horizontal Plain, it their Line of 
Direction falls within their Baſis. Thus the Bo- 


dy of (Hg. 5.) will ſtand, and that of (6) fall. 


A Bowl will cafily change its Place, becauſe its 
Baſe being but one Point ( Plate 1. Hg. 7.) it's 
eaſy for the Line of Direction E G to fall out of 


it. This is the Reaſon alſo, why it's almoſt im- 


poſſible to ſet a ſtrait Stick or a- Needle upright 


upon a ſmooth horizontal Plane, becauſe that the 
„ | Lines 


P EE IS Co EIT 
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Lines of Direction E G fall out of their Baſes. 


; What is ſaid of the Center of Gravity, may be 
: alſo underſtood of the common Center of Gra- 
vity of two heavy Bodies, as we ſhall ſhew in the 
Example of the Balance. 

: [ESINERK(ERIESINERY e ee eee eee, 


= Of the BALANCE. 
= Prop. I. Theoreme. © 


HEN a Balance has its Brachia ot the 
ſame Length and Weight, the Power 
and the Weight are equal. 


Prop. II. Probleme. 


To make an Equilibrium with an horizontal 
Balance, (Hg. 8.) Let the Weight D be to the 
Power E as the Diſtance CB of the Power to 
the Diſtance A C of the Weight; and ſo vice 

verſa. Thus will the Center of Gravity be 
brought under the Center of Motion. 


"= 3 


[28] 


Prop. III. Theorem 


By increaſing the Velocity of the Power, the 
Velocity of the Weight is leſſened, as has been 


ſhewed in the Statera Romana. 


Prop. IV. Probleme. = 


NMuotoing the Weight of two heavy Bodies appli- 
ed to the Ends of. 1 Ba wo of known Length, to 


find upon that Balance the common Center of Mo- 


tion. | 
Let A B the Balance be twenty-four Inches 
long, the Weight D twelve Ounces, E ſix Ounces. 


Io find the fixed Point whence the Balance being 


ſuſpended, the Weight will hang in _AZquwlibrio. 


Find a 4th proportional to 18.6 :: 24: which 
will be eight Inches for A C: that is, as 18 (the 


Sum of the twoWeights) is to 6 the leaſt Weight, 
ſo is twenty-four Inches (the whole Length of the 
Balance,) to cight Inches or A C the Diſtance of 


the fixed Point from that End of the Balance 
which has the biggeſt Weight. i]. 


Tho' this is true in the Theory, yet it won't hol 
in the Practice becauſe ( Plate 1. Fig. 9. )the Ba- 


lance 


* 5 Yo 8 * | CN 7 . 


[ 29 ] 
lance A B, which we have ſuppoſed without Weight, 
can't be really ſo becauſe the two Brachia are 
not of the ſame Weight. Hang the Weight F = 
to D + Eat C, (which by Axiom 3.) won't 
alter the Effect of the two Weights D E. Then 
hang at I the Center of Crawity of the. Balance, 
the Weight G = to the Balance's "_- ; then 
conſidering C I as a Balance laden with its two 
Weights, at its Ends C I, find out O the common 


Center of Gravity, as taught, vi. FG: G: C 


I: CO. eden WM 
Prop. V. Prob. 


Knowing the Length and Weight of à Balance, 
which has at one of its Ends, a Body of known 
Weight ; to find the fixed Point, about ' which the 
Balance and H eight of the Body ſhall remain in 
Equilibri es b 20 


Length of the Balance 12 Inches, 
Weight of the Ball: 16 .. 
Weight of — "af 3 8 0 2. 
Sum of the Weights * 24 oz. 
Half Length of che Balance 6 Inches. 
find 


8 [80] 

find 2 Ath proportional to 24: 16::6: which 
= ill be ur — for A C; that is as the Weight 
of the Body together with the Weight of the Ba- 


r 


lance; lo is the Length of the Balance to 
AC, the Diſtance from the Weight of the Body | 
to the fixed Point. 2 eue Y 

Prop. VI. Prob. : 


How to-make a deceitful Balance, which being 
empty and alſo laden with unequal Weights, ſha 1 
remain in Æquilibrio 5 

Fig. 11.) Let the Length A C be to B C as 
the Weight of the Scale E, to that. of the Scale 
D. The Agquilibrium will be kept if the Scales 
are laden with Weights, that have the ſame ratio 
to one another, as 11 to 12; but the Fraud will 
be detected by changing the Place of the Weights. 
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Of the LE A VER. 
Prop. I. Theoreme. 


HE Leaver 18 reducible to the Balance; 
the Weight an animate Power being the 
fame as the different Weights in the Balance, and 


the fixed Point the ſame as the Center of Motion. 


Ihe three firſt Propofitions of the Balance are 


true concerning the Leaver: (Hg. 12, 13, 14, 
I5.) C is the Fulcrum, or fixed Point; E the 
Power applied at B and D, the Weight applied. 
Fig. 12. Is a Leaver of the firſt Kind, as are 


_ allo Sciſſars, Pinchers, Snuffers, &c. This Lea- 
ver has the Power at one End, the Weight at the 
other, and Fulcrum in the Middlc. bg 


Fig. 1 3 Is a Leaver of the ſecond” Kind, as. 
arc alſo the Oars and Rudders of a Boat, cutting 


Knives fixed at one End, and Doors moving on 


Hinges. 


. 
Hinges. Theſe Leavers have the Weight in the 
Middle, the Power at one End, and the Fulcrum 
at the other... _— 
Fig. 14. Is a Beaver of the third Kind, as 
are alſo Ladders taken up by the Middle to be 
' reared againſt a Mall. This 'Leaver has the Power 
in the Middle, the Weight at one End, and the 
Fulcrum at the other. ET 
Fig. 15. Is a bended  Leaver of the fourth 
Kind; but it may as well be reckoned a Leaver of 
the firſt Kind, becauſe its Fulcrum is between the 
Power and the Weight; when you draw a Nail 
with an Hammer it becomes a bended Leader. 
Fig. 12 end 15.) Ina Leaver of the firſt or 
fourth Kind, the Weight and the Power may be 
equal, as it muſt happen when A C is equal to 
| BC. The Power may be greater than the Weight, 
as when B C is greater than A C, or the Weight 
greater than the Power, as when A C is greater than 
BC. ys | Hy. 4, 
Fig. 13.) In a Leaver of the ſecond Kind, the 
Wei * muſt be always greater than the Power, be- 
cauſe its Diſtance from 2 Fulcrum will be always 
leſs than the Powers Diſtance ; for wherever the 
Weight D is applied; A C will be a Part of BC, 
—_—_ 1 and 
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and therefore muſt always be leſs than its whole 
Fig.” 14. In a Leaver of the third Kind, the 

Power muſt always be greater than the Weight, be- 

cauſe CE the Diſtance of the Power will always 


be leſs than A C, of which it can be but à Part. 


N. B. wal theſe Caſes an Hquilibrium 2 . up- 


poſed. r 
„ et, HI., Feen, 


A Power which puſhes or draws a Leaver at 
right Angles, has greater Effect then ar oblique 
Angles. Ars 


DEMONSTRATION. 


Fig. 16. Since the Force of a. Power depends 
on its Diſtance from the farſt Point, and ſince 

; by Def. 9.) the Diſtance of the Power is a Line 
Wo perpendicular to the Line of Direction; it 
is plain by. Conſtruction, that C B the Diſtance of 
the Power applied at, right Angles, is greater 
than CF the Diſtance of it applied at obtuſe, or 
CK the Diſtance of it applied at acute Angles, and 
drawing towards I. O USE ON GIL; D 


. 
For ſince (y 15 Def: 1. El: Eucl:) C F= | 
CL=CK, and C being Part of CB, (the Di- 
ſtance of the Power drawing at G, and applied 
at right Angles) is leſs than CB (by Ax. . I El.) 
Likewiſe C F and CK muſt be leſs than CB: 
Therefore a Power applied at right Angles, has a 
ner Effect than if applicd at oblique Angles 
KEG. | . 
N. B. CF is the Diftance of the Power E, 
applied at B, and — h obtuſe Angles, as the 
Angle CBE and C K is the DiRance 4 a 

ine 


Power ſtill applied at B, and drawing in the 
TK at the acute Angle CB I. 


Prop. TV. Theoreme. 


Plate 24. Fig. 1.) If a Power, whoſe Line of 
Direction is perpendicular to a Leaver parallel 
to the Horizon bears up, by means of that Lea- 
ver, a Weight whoſe Center of Gravity is above 
the Leaver, it muſt be greater to bear it up, when 
the Leaver is horizontal, than when it 1s incli- 
ned, and the Weight raiſed ; and greater yet when 
the Weight is lower, the Line of Direction of the 
. Power always remaining perpendicular to the Ho- 

rizon ; 


e 


ſtance of the Power does, w 
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rizon. The Reafon of this is, becauſe the Body 
does not hang freely from the Leaver, to which it 
is fixed; for if it did, the Diſtance of the Weight 
would decreaſe in the ſame rer . as the Bi. 
en the Leaver is mo- 
ved out of its horizontal Poſition: That is, when 
the Leaver I B (where IC is the Diſtance of the 
Weight, and C B the Diftance of the Power) is 
moved into the Poſition O D, and the Diſtance 
of the Power at D becomes CN (by 5 9.) the 

Diſtance of the Weight would become C h, if the 

Weight was to hang wan from E; but ſince the 
Body E OM is fixed to the Leawer, it endeavours 
to deſcend in the Line of Direction O L, drawn 
perpendicularly downwards from the Center of 
Gravity O, which cauſes the Diſtance of the Weight 
to be only L C inſtead of h C; and therefore the 
Body's Gravity decreaſing in greater Proportion 
than the Force of the Power, (which is a Weight 
that hangs freely) the Body O requires a leſſer 
Power to bear it up when it is fixed upon an in- 
clined Leaver above the Horizon, than when that 
Leawer is parallel to the Horizon. Likewiſe in 
the Leaver A K, if the Body O, or the Weight 
was to hang freely from F, its Diſtance would be 
N F 2 | t C 


- 6) 

t C decreaſed in the ſame Proportion as C Q the 
Diſtance of the Power; but ſince by reaſon of the 
Body's/ being fixed above the Leaver, the Line of 
Direction produced is K Og and its Diſtance; 
g C its Gravity muſt be greater, when by the In- 
clination of the Leaver it is below the Horizon 
1 * 2d. Fig. 24) The inverſe Prop. 6 true 
of the Center of Gravity of the Body below the 
Leaver. — 450 01138 Do S632 

Since the Demonftration of this Theor. is the 
{fame as the other, a Sight of the Figure is ſuffici- 
ent; where you may obſerve that in the Leawer 
AE the Diſtance of the Weight is MC, whereas, it 
would be n C it the Body ſhould; hang freely; 
and in the Leaver D'G the Diſtancc of the Weight 
is Cn, whereas it would be C M if the Body ſhould 
eng- an: egi? 5 
I O carry a Weight upon, 95; hanging from 
the Middle of a Leaver, he carrics moſt who is 
neareſt to the the Weight. (Vide 3d and 4th Fig.) 
modes ſaid of his lifting up the whole Farth if he 
had a Place to fix his Inſtrument; and it was by 
theſe Powers that he is ſaid to have lifted the Ro- 
na.”  54#@0 ng - : 
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Of the PULLEz yr. N 
Prop. I. | Theoreme. 
Plate W HEN a Power by ſeve- 


| ral Pullies draws up a 
Weight, the upper. Pullies are Leavers of the. firſt 
Kind, and Slaves Pullies Leaders of the ſecond 
Z Kind; for in CEandB H, the Powers are applied 
Z at E and H, the Weight at C and B, and the F- 
cra are in the Middle O; but in I K and F G, the 
Powers arc applied at I F, the Weights at O and 
KG are the Fulcra. | aa gt 
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Prop. II. Theoreme. 


Plate 2. Fig. 5.) An upper Pulley adds no 
Force to the Power, becauſe it is a Leaver of the 
firſt Kind, with its Fulcrum juſt in the Middle; and 
in ſuch a Caſe the Velocity of the Weight is not di- 

miniſhed, and conſequently that of the Power not 
increaſed. 


Prop. 


| . 


loſes in Swiftneſs, as it docs by all other Engines. 


- TW] 
Fig. 6.) A lower Pullgy takes off half the Ve- 


locity of the Weight, and ſo doubles the Force of 
the Power; becauſe whilſt 10 moves one Foot, 5 
moves two Foot. Be ths 


Prop. TV. Theoreme. 
Hg. 7.) As one is to the Number of the Parts 


of the Rope applied to the lower Pullies, ſo is the 
Power to the Weight. Ex. Cr. If the Hand 
can raiſc but ten Pound without an Engine, it will 
by the Help of the Pullies, [ Fig. 7.] be able to 
raiſe forty Found; or one Pound hanging at A 


will keep in quilibrio four Pound hanging at 
loweſt O, 411 the Placæ of the Body th 


Prop. V. 
What a Power by a Pulley gets in Strength, it 
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Or 
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Of the Ax LE in the WHEEL. 


Prop. I. Theoreme. 
Ag. 8. A the Radius of the Axis to the Ra- 
8 dius of the Wheel; ſo the Power to 
the Weight: That is, as C D to A B, ſo is the 
Power applied at A to the Weight; or rather, as 
the Circumference of the Wheel = Velocity of the 
Power = is to the CircunFerence of the Axis 
Velocity of the Weight =, ſo is the Weight to the 


Power. 
| COROLL. 


Plate 2. Fig. 10.) This is obſerved in Watches, 
where the. Radius of the Wheel in the Fuze in- 
creaſes, as the Force of the Spring is weakned ; 
that the Axis of the Fuze may be always turned 
round with the ſame Force. When the Spring is 
Strongeſt it draws at A when weakeſt at B. 


Prop. TI. Theoreme. 


An Axis in Peritrochio is a Leaver of the firſt 
Kind; AB the Radius of the Wheel being 1 
©. 


40 } 

ſtance of the Power; and CD the Radius of the | 

Axis being the Diſtance of the Weight. Fig. 8. 

By the Multiplication of Mheels, an Hair may | 
draw up an Oak by the Roots ; 

To this Power are reducible, Whimbles, Augors, 7 

Windlaſſes, Trepans, &c. "wa 6 
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Fig. 11. A Wedge is the moſt Simple of Me. 
of chamical Engines, and is a ſolid Tri- 
angle; uſually of Iron, to ſlide againſt the Parts of 
the Body it cleaves | | 
To underſtand the Power of the edge, one of 
the two flat Sides which incline to one another, is 
to be look'd upon as an inclined Plane, and the o- 
ther as an horizontal Plane; and we muſt con- 
ceive that by the help of this inclined Plane, a 
Power ſhall-raiſe a Weight, which without this Eu- 


* 


gine it could not ſo much as bear up. Stn 
Fig. 15.) Let the Triangle DB C, Rectangu- 
lar at B, repreſent a Wedge, D the Point or Edge of 
it, B C the Head; and to be more plainly. under- 
—_— | ſtood, 


WH 
| Rood, let D B the Length of the Wedge be twice 
| RO t BC, and the Baſes. B 5 perfectly 
Smooth, ſo that being applied to the horizontal 
Superficies A B, which alſo I ſuppoſe perfectly 
Z Smooth, the Wedge DB C may ſlide upon that 
horizontal Plane A B, without any Difficulty. Then 
Z again, let us ſuppoſe that the Weight E be hindred 
from going to A by the Plane H I K perpendicu- 
lar to the Horizon, which yet does not hinder the 
Wedge from ſliding along the horizontal Plane A 
B, when it ſhall be drawn or puſhed from B to- 
Wards E, by a Power whoſe Line of Direction is 
parallel to the Horizon. If then the Power puſhes 
the Wedge D B C regularly from B towards A, in 
cauſing it to ſlide upon the horizontal Plane A B, 
it will cauſe the Weight E to riſe up by ſo 
regular a Motion, that its Center of Gravity 
E will never go out of the Line E F per- 
pendicular to the Horizon; ſo that when 
the Point B ſhall come to D, the Point C to FE, 
and the Point D to G, (chat is, when the Wedge 
DB C ſhall be in the Poſition G D F) the 
Weight E by the Reſiſtance of the Plane A I K 


ſhall have been forced to riſe by the inclined 
Plane C D, or F G, which will have puſhed it 
— | 3 3 — I : a | 


upwards 


[ 7 J f 
upwards towards E; ſo that it will have riſen the 
whole Length of the Line D E, when the Power 
ſhall have moved the Length of the Line B D or 
GD, which is twice D F by the Suppoſſtion. 

Since then in this Suppoſition the Power has 
double the Velocity of the Weight, it ought to 
have double the Force of the Weight; therefore 
it needs not be more than halt the relative 
Weight of that Pondus upon the inclined Plane 
CD to be able to bear it there; according to 


that general Law of Mechanics which we have 


taken Notice of in the foregoing Engines (vix.) 
that the Power increaſes proportionally as its Ve- 
locity increaſes : Whence we may eaſily con- 


clude, that when a Power whoſe Line of Directi- 


on is parallel to the Horizon, ſuſtains a Weight 
by the Means of a Wedge, whoſe Baſis is alſo 
parallel ro the Horizon, that Power is to the 
Weight it bears up : : as'the Height of the Wedge 
to its Baſe. 7 mit] 51 


Hence the ſharper me Meer is, the more eaſi- 


ly it-will enter, becauſe G the Velocity of the 
Power, [ Fig. 12. Plate 24.) will be greater in 
proportion to F, that of the Weight; and * 

1 4 . 5 6 \o ; EP . ˖ is 
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this Wedge ſhall be uſed ro cleave a Body, as 
ABC 5 the more the Planes EFG O which 
make up this Wedge, arc inclined to one another, 
the more caſily will the Parts E G flip along the 


Medge. 8 8 

N B. E FO muſt be taken for an inclined, and 
GO for an horizontal Plane, and the Reſiſtance 
that the Body A B C D makes in its upper Part 
when it 1s diſunited from its lower, may paſs for a 
Weight, . whoſe Line of Direction is perpendicular 
to its lower horiz,ontal Part C D. | 

This which is true in the Theory, would hold in 
the Practice if the Plane of the Wedge, and that 
Plane whereon it ſlides were perfectly Smooth, and 
the Weight truly Spherical; but ſince there cannot be 
of ſuch a Mathematical Exattneſs, the Practice 
won't hold; therefore Percuſſion is applied, which is 
the only effectual Means, becauſe the Parts of the 
Wedge will ſtick leſs when the whole is put into 4 
Tremulous Motion. * _ © N 


_— SCHOLIUM 
The Reaſon why a {mall Hammer with a vio- 


lent | Blow, will not have ſo much Effect as a 
E 
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* fraall Blow with a Sledge, is, that a Sledge with 
2 {mall Force added to its Gravity, will have 
more Motion downwards, than a little Hammer 
with a ſwift Blow, becauſe the Motion is in a ra- 
tio made up of the Pondus of the Velocities. 
Plate 2. Fig. 13.] The Hedge may be reduci- 
ble to the Leader: Thus CDA is as two Leaders 
of the firſt Kind, whoſe fixed Points are at B B, or 
rather as in Hg. 14. it repreſents two Leaders of 
the ſecond Kind, whoſe Fulcra are in the com- 
mon Point A. 4} ITT 
Ihe Weights to be moved at C, and the Pow- 
ers applied at B. | 
To this Power are reducible Nails, Bodlins, 
Hatchets, Kntves, Saws, Files, &c. being Wedges 
faſtened to Leavers of the ſecond Kind. 


eee eee eee eee eee 


Of the Scr x W. 
Plate 2. Fig. * HE Screw is nothing but a 
5 Wedge continued round a 
Cylinder in a Spherical Manner; the IAale-Screw 
AB is an outſide, and the Female-Screw C D an 
inſide Screw: | To 


Fcreie.. 
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To ſhew better how the Screw works, ſuppoſe 
the Weight E tro move upon the ſolid Triangle, 


D CB from E to C, it will be the fame thing as 


if the ſolid Triangle had moved under it, and for- 
ced it up to E, where it muſt go, becauſe the 


vertical Plane H I K Lhinders it from riſing in a- 


nyꝛ other Line beſides E F. Now, becauſe the Pow- 
er has moved the whole Length of the Line CD, 
and the Weight only that of the Line E F, the 
Lower muſt be the Weight : : as the Length of 
the Line EF, which is the Velocity of the Weight 
is to the Length of the Line D C, which is the 
Velocity of the Power. 

Bg. 16.] To eſtimate therefore the Force of 
the Screw, we muſt look upon the Height of the 
Cylinder H 1 P Q as the Velocity of the Weight, 
and the Thread HK LMN O (if its He- 
lexes were unwound and laid at full Length) as 


the Velocities of the Power: Therefore by the 


Force of a Screw, the Gravity of a Weight, or a- 
ny other Preſſure will be leſſened as much as the 
Spiral Line HK LMN O, is greater than 
HP or I Q, the perpendicular Height of the 


7 e C0. 
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COROLTLD. 


Hence the cloſer the Thread of the Screw, the 
rcater will be its Force, becauſe its Thread will 
longer in proportion to its Height, and it will 

move the ſlower. 2 5 


SCHOLIU M. 


If long Leavers be added to the Screw, its 
Force will be Kill increaſed after the manner 
chat was ſhewed in the Explication of the Lea- 
Der. | 

The Advantage of this Mechanical Faculty is, 
that whereas — Mechanical Engines ceaſe to 
act, and the Weight returns when the Power does 
not continue to act; this ſuſtains the Weight, and 
retains all the Force that was communicated to it, 
when the firſt Mover ceaſes to act, becauſe the 
Weight preſſing the Cylinder along the Axis, 
puſhes the Threads of the Male-Screto againſt 
thoſe of the Female-Screw; whereas an Helical 
Motion is requir'd ro unſcrew ſo much as is 
ſcrewed up of the Inſtrument. Now in other En- 

ines, a Pulley, tor Example, or Leader, the 
eight will return as ſoon as the Hand &caſcs ro 
| | pull 
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pull che Rope, or preſs upon the End of the 
Leawer. | 
Plate 2. Fig. 9.] But then there is this Diſad- 
vantage, that a Screw is ſcrewed up as far as it can 
o in a little time, Ayhich Inconveniency may yet 
4 remedied in compound Engines, if you make 
it a perpetual Screw and apply it to a Wheel, as in 
the gth Figure, where the perpetual Screw CDE 
fixed to the Cylinder A B takes the Teeth of the 
Wheel E, and turns it continually the ſame way, 
till it has by means of its Axis drawn up the 
Weight G, tho' ever fo diſtant at firſt. 
That this Power is reducible to a Leaver, ap- 
pears from its being a Wedge, which we have 
ſhewed to be made up of two Leavers of the firſt 
or ſecond Kind. 


Of the Laws of NATURE. 


HE Fr LAW Sf NATURE, is, that 
all Bodies endeavour to preſerve them 
—ſelves in the ſame State, eber of Motion 
So that if the Body be at Reſt, it never 
| comes 
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comes of its own accord to Motion, but muſt 
have ſomething to move it; and if it is once in 
Motion, it endeavours to perſiſt in that Motion, 
always according to the ſame Direction in the 
{ame ſtrait Line, nor can it W ſtopt but by a 
Force equal to the Force of its Motion. This is 
plain, Br Bodies being of an unactive Maſs of 
Matter can acquire no Change or Mutation of 
their own State; and a Body can no more change 


its Motion, and come to Reſt, than it can change 


it ſelf from one Figure to another; aſter the ſame 
manner it can never change its Direction, but vill 
always continue to go forwards in the ſame ſtrait 
Line. But whatever Change is made in a Body, 
muſt be by ſome extrinſical Agent; and if a Bo- 
dy ever changes its Direction, there muſt be ſome 
external Agent to make that Change of Direction, 
and if it were left to it ſelf, it would always 
move uniformly forward in the ſame ſtrait Line: 
If a Body move in any Medium, it muſt neceſſarily 
thruſt away Parts of the Medium that are in its 
way; and therefore ſince whatever Motion it 
communicates to them, it muſt loſe it ſelf. A 
Body that moves in the Air muſt continually loſe 
of its Motion; whereas if there was no Gravity, 
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nor any Air, a Stone once thrown up would go 


on in infinitum, without loſing its Motion. The 
Air then is the only Cauſe why Bodies loſe of 
their Motions when thrown up, and Gravity 
is the only Cauſe which brings them to the 


ens 5 2b), 19. vill 
In the Heavens where the Æther is exceeding 


thin, and next degree to nothing, the Planets 


reſerve their Motions without the leaſt ſenſible 
ien: From hence we know the way how 
Motion is communicated to Bodies; for when a 
Man holds a Stone in his Hand, the Stone parti- 
cipates of the Motion of his Hand, becauſe being 
in it, is moved with the ſame Velocity as the 
Hand is: Now by this Law of Nature, à Body 
once put in Motion, will always endeavour to 


go forward according to the ſame Direction. And 


therefore, when the Man draws back his Hand with- 
out the Stone it having once had a Motion forward, 
will always endeavour to continue in it. Becauſe 
all Bodies affect to move in a ſtrait Line, there 
muſt neceſſarily be ſome Force to make them move 
in a crooked. This Force may be either a Hring, 
by which they are tied to the Center of their Moti- 
on, or by ſome other Centripetal Force, ſuch as Gra- 
hall. H by wit), 


- | ©] 


Center. | | 
Plate 3. Fig. 3] Suppoſe a Body put in Mo- 
tion at A, it will | 

fame ſtrait Linc A B; but the Force of Gravity 
continually preſſing it towards the Center, that is, 
from B downwards, or in a Line perpendicular to 
the Earth, it will move in the Diagonal of the 
Parallelogram C it you fill it up. 

Plate 3d. Fig. 6.) When the Bomb is by the 
Force of che Powder thrown out of che Mortar, 
it endeavours by the Firſt Law of Nature to go 
on in the Tight Line ce; but Gravity acting up- 
on it in the Direction eb, makes it move in the 


Line c, Diagonal of the Parallelogram, contain- 
ed under the Lines ceeb; that is (ſuppoſing two 


Other Lines to be draun = and {| to the ſaid 
Lines ceeb) by a Motion compounded of the 


endeavour to move in the 


Force puſhing towards à from c, and that which | 


puſhes towards b from e. 
Then the Bamb would by the Firſt Law of 
Nature continue to go on towards d in the Line 

Ag, being the aforeſaid Diagonal produced; but 
| 2 acting upon it in the Direction g f, 
makes it by a compounded Motion go on * 

FP | Sz ia- 
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Diagonal b f of the new Parallelogram contained 
under 4 g g/ and ſo on till it comes to the Point 


Nou ſince the firſt Impetus and Gravity does not 


act alternately, but at the ſame time all the while 
the Bomb moves, we muſt ſuppoſe the ſaid Dia- 
onals (in which the Body moves) to be infinite- 
y ſmall ; and then all of them together will 
make up the Curve c bf h, called a Parabolick. 
Line, in which all Projectiles move. & 

The ſwifter a Body moves in a Circle, the 
ſtronger is irs Endeavour to move in a ſtrait 
Line, and the more the Thread will be ſtretched 


by which it is kept in; the Force by which it 


ſtretches the Thread is called Centrifugal Force oF 
is eaſily ſeen in Hings) and 2 of the 
Thread which detains it, muſt be juſt equal to 


this Centrifugal Force; but if Gravity or any o- 


ther Cenrripetal Force derains the Body in ies Or. 


bit, the Centripetal Force muſt be juſt equal to 


the Centrifugal, that the Body may be kept in 
neil. 0 £7 1029 ice nr 
If à Body lye upon a Table, and if che Ta- 
ble be moved, at firſt the Body will not partici- 
pate of the Motion of the Table, but will ſeem 
to go the contrary way; » is plain from a 13 

H 2 | c 
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{el of Water ſet upon a Table; but after that 
Motion is once communicated, if you ſtop the 
Table ſuddenly, the Body lying on it will con- 
tinue its Motion. If a round Table parallel to 
the Horizon, be turned round an Axis, and a 
Bullet by the Help of a Thread made faſt to the 
Center, 8 3d. Fig. 5. ] tho' the Thread be 
ſlack at firſt, yet the Table being turned round, 
the Bullet at C will recede from the Center and 
ſtretch the Thread as at D; if the Table be ſtopt 
on a ſudden, yet the Bullet will for ſome time 
continue its Motion; if the Bullet be not put up- 
on the Table, but hang down by the Thread, as. 
in the Poſture A B, after the Table is turned 
round the Thread will not keep its perpendicular 
Poſition, but will ſettle ir ſelf in the Poſition A , 
the Centrifugal Force acting againſt the Force of 
Gravity, and making the Body. recede as far as 
it can from the Center of Motion. 
II a Claſs T. abe be laid or faſtned to a Table, 
in which near the Center be put a ſmall Bullet, 
lien the Table is turned round we may obſerve 
the Bullet to recede from the Center towards the 
Circumference, and accelerate its Motion. 
ni q 21 roo Thrace of Beſides 


N 
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_ Beſides this, it will go againſt the common Lato 


Ne and move upwards: if the Tube be (er 
ſlanting upwards on the Table, being firſt fixed 
to a Piece of Wood, repreſented in Fig. 4. Plate 
3: and it will-ſtay at the upper End ot the Tube 
beyond, as long as the Table is continued in its 
ſwift Motion; but when that ceaſes it is preſſed 


9 27 
= 


Ihe fame js, obſerved when we put Glolules of 
Mercury or. Mater in the Tube. If we fill the 
Tube with Water, and put a piece of Cork in the 
End of it, which is next to the Circumference, 


down 1 ou by its own Cravity to G. 


we may obſerve, that after turning round the Ta- 


ble, the Cork will go from the Circumference to- 


wards the Center; for the Water being more 


Denſe, or conſiſting * a greater Quantity of 
Matter, than the Piece of Cork of rhe fame bulk, 
ic will have a.greater is Centrifuga, or a ſtronger 
Conatus recedendi a Centro than the Cork has ; and 
conſequently the Cork which has much leſs Force, 
will be puſhed by the Water wich has N 
Force towards the Center. 


The Second L aw of NATURE is, that the 
Motion produced, or the Mutation of Motion, is 
| | always 
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always proportional to the Motion impreſt, which 
HD eee K dsuble Foros wall pre- 

duce a double Quantity or Momentum of Moti- 
on; and aà triple Force, a triple, &c. and this 
Motion will always be according to the Directi- 
n ef the Force which impreſſes it; and if the 
Body was moved before this new Motion ariſing 
from this ne Force, it will cither increaſe its Mo- 
tion; if ir acts according to the ſame Direction, 
ör diminiſh it, if it acts in à contrary Direction; 
br if it acts obliquely, it alters the Direction, and 
turns the Body moved another way. 

= It x Body be once put in Motion by the Firſt 
Lato it ought always to go on with the ſame 

Velocity, and in the fame Direction; bur if a 
new Force, equal to the former, act again upon 


it, according to the fame Direction its Motion 
will beencrcaſed doubly. H, again, the fame Force 
e is Motion will be 

(HUT E 2 4 ; 1 Thus 4 Was t Mm MO- 
towards W 


| tion 
once acquired an Impetus that way, it would al- 
ways continue in it; bur if we thonſtd 5 
that when che Body comes to C, that the fame 


Force 
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Force acted again upon it, it would produce a 
Motion equal to the former; and both of them 
put together will be double of the firſt. Again, 
when the Body comes to D, if the ſame Force 
ſhould act again upon it, there would ariſe a new 


Quantity of Motion equal to either of the for- 
mer, and the whole being put together will be 
triple of the firſt Motion. If, again, when the 


Body comes to E, the ſame Force acted upon it, 


it would again produce more Motion, which 


vould be equal to the firſt ; and ſo 


. — — * 


the whole 


ther, would be Qadruple with the fell. If Ws 
Force thus acting imprinted equal Degrees of Mo- 
equal Intervals of Time, the Motion pro- 
duced, and conſequently the Velocity will be as 
the Times when a heavy Body deſcends; Cra- 

1 it at firſt, gives it a Motion 
downwards: Now if the Body ſhould ceaſe for 


ever after to be heavy, yet the Body will go on 


in the {ame Direction, and with the ſame Veloci- 
ty by the Hirſt Law; but then in che ſecond In- 
Kea Time, the Body is heavy, and Gravity 
continues to act, it will again produce a Moti- 
equal to the former. On e 
1122001 Juſt 


BST - 


]uſt ſo if che Body ſhould for ever ceaſe to 
be heavy, yet it would ſtill continue its Courſe 
With the two acquired Degrees of Velocity; but 
then Gravity acts the third Inſtant of Time, at- 
ter the fame manner it did at firſt, and makes a 
Motion equal to the firſt Degree, and therefore 
4 nig „„ . 4 
the Sum of the whole will 


3 | be triple with the 
firſt. After the ſame manner the Motion the 
fourth time will be Q#adraple of what it was 
tlie firſt Inſtant, and ſo the Motions will always 
inereaſe the Times. This is the Reaſon why we 
find Bodies in their deſcending accelerate their 
Motions. When Bodies fall, the Spaces through 
which they deſcend, are the Squares of the Time 
"They take to fall in, always counting from the be- 
W > Throat Prog bow, 
Plate 3d. Fig. 7 and 8.] It in the firſt Mi- 
nute ef Time à Body falls through a certain 
Space, at the End of the fecond Minute it will 
have deſcended four Times in that Space; in the 
End of the third Minute it will have deſcended 
nine Times that Space which it did go through in 
the End of the firſt. So if the Times be taken in A. 
rithmetical Progteſſion of 1, 2, 3, 4, 5, 6, then 
the Spaces through which the Bodies will have 
n | deſcen- 
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deſcended at the End of theſe Times, will be as 


1, 4, & 16, 25, Sc. It it be asked how far 
the Body moves in the ſecond Minute? It will 
have moved juſt three Spaces; for it had moved 
thro' one in the firſt, and fo likewiſe in the third 
Minute 'twill have moved thro” five; for at the 
End of the ſecond Minute it had moved thro' 
four; take four from nine, and there remains 
five; L n eh clit: FE 

The two rectangular Triangles of Fig. 7. made 
up: of other rectangular Triangles} repreſent the 
Spaces gone thro' in a (determinate Time, each 
ſingle Triangle denoting one Space: As for Ex- 
ample, in the upper Hure marked 7, if we ſup- 
pole a falling Body to ſet outfar the rate of one 
Mile in one Minute; let the N* 1. and- the Per- 
pendicular of the little Triangle at top expreſs the 


firſt Time or Minute, and the ſame NY 1. and the 


Baſe of the little Triangle expreſs the Velocity, 
which always is at the Times; and let the whole 
Triangle expreſs one Mile that the Body fell the 
firſt Minute; then if you conſider that the Body 


having fallen four Times, the 5 Line exp reſſing tlie 


Time muſt be the Perpendicular of the - great 
Triangle, which Lis four times greater than that of 
5 I n 
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the little upper Triangle: Likewiſe the Line ex- 
preſſing the Velocity muſt be in the Baſe of the 
great Triangle, which Bate is four Times greater 


than the Baſe of the little Triangle; and the 


whole Triangle will be the Sum of the Spaces or 
Miles gone thro in four Minutes, which will ap- 
pear by dividing it into little Triangles equal to 
the firſt. A Sight of the Figure will eaſily teach 


how to know the Miles that the Body has fallen 


thro in any Number of Minutes or Times. 

If a Body [ Hg. 10. Plate 3.] as A lies upon 
an inclined Plane, it endeavours to deſcend Per- 
pendicular, but the Plane hindring it, with part 


of its Weight it will ede the Plane, and f 


with the reſt it will eſcend as faſt as it can a- 


long the Plane; but it will not accelerate its Moti- 
on ſo faſt, as if it did all along deſcend Perpen- 


dicularly; thus in falling from B to C, it takes 
longer time than if it had gone directly from B 
to D in the 1, ſo that at the Point C it will have 
as much Velocity in falling from B to C, as it will 
have at D, in falling from B ro D. The leſs 
the Plane is inclined to the Horizon, or the 


nearer it comes to the I, the faſter it will accelerate 


its Motion. 
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Fig. II.] Thus it will fall ſooner from B go 
G, than from B to C, -and ſooner from B to E, 
than from Bro FE; but in falling from the ſame 
Point B to the Points DEF GC, the Degrees of 

Velocity acquired arg all equal, tho'they be ac- 

uired in uncqual Times. V. C. Suppoſc. B C 

= Times longer than B D, the Body will go from 

B to D in the third part of the Time that it goes 

in the Plane of B C tram B to C; but the Veloci- 

ty acquired in the deſcending from B to D, is 

the ſame that is acquired in the deſcending from 
B to C, and therefore it will accelerate its Motion 
in the Line B D three Fimes faſter than in the Line 

If a Body in falling from B to D acquire any 

Degree of Velocity, and with that Velocity be 

turned upwards, it will juſt aſcend to the ſame 

Height from whence it came, and Gravity. act- 

ing upon it will leſſen continually its Velocity, 

in the ſame proportion it increaſed before in de- 
ſcending, and after it has come to the Point B it 
will immediately deſcend again: After the ſame 
manner, if having fallen along B D [Plate 3. 
Hg. 12.] it be turned up on the inclining Plane 
DC vich that Velocity which it acquired in de- 
| 12. ſcending, 
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ending, it will jaſt g go to the ſame Height from 

whence it fell. 1 
10. 14. If 2 Body B hanging b his geting 
A 5 Jeu towards . be moved fem B to . 
and from thence let fall, it will continually acce- 
lerate its Motion till it comes to the Point B or 
E; and then with all its Force it will go into the 
Arch B C to the Point Cof the ſame Height with 
the Point D from which: it fell, and then at the 
Point C it will deſcend to D. and there it will 
have the ſame Velocity as it had before at B, with 
which it will aſcend to D and ſo make Vibrations 
continually. The Body fo hung by a String i is 
called a Pendulum. Suppoſe a Circle, whoſe 


Plane is L to the Horizon in which were drawn 


ſeveral ſmall Subrenſes B D, BE, BF from the 


lower-moſt Point B, [Plate 34. Fig. 9th.) the 
Body will deſcend in tlie ſame Time alot the Line 
B D, from D to B, or _— the Line F B. from 
F to B. 

The Reaſon is chiks the? the Line F B is 840 
than the Line B D, yet it is alſo more J, or Iefs 
inclined to the Molizon:; and conſequently the 
Body will accelerate its Motion faſter upon the 

Line BF, than upon the Line B D; becauſe ſmall 


Arches 
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Arches do not differ much, either in Declivity or 
Length from their Chords. Bodies will very near- 
ly deſcend in the ſame Arches of Circles, that 
they will do in the Chords of thoſe Arches ; but 
Bodies deſcend in the ſame Time thro' all thoſe 
Chords, whether they be greater or leſſer; and 
conſequently the Vide ations of the ſame Pendu- 
lum, whether it run out in a greater Arch, or leſ- 
ſer, are all performed in the ſame time. 
Plate 3. Hg. 16.] Let A fall from 8, and B 
from 4, the Velocity with which A will be moved 
being ſo much greater than that of B, they will 
both meet equally at the Point C; the ſhorter the 
Strings are, the quicker are the Vibrations ; be- 
cauſe the String is as the half Diameter of the 
Circle; and fo the leſs the String is, the leſſer the 
Circle will be; and conſequently the leſs the Cir- 
cle is, the quicker the Body will be moved round 
It. E 


Dye Third L aw of NATURE, is, that A- 
ction and Reaction are always Equal and Contra- 
ry, i. e. the Actions of Bodies one upon another, 
are equal, and the Force impreſt is always directed 
towards contrary Parts; ſo that the Mutation of 
e 8 Motione 
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Motions, which thoſe Actions produce arc equal. 
This Lato will be illuſtrated by ſeveral Exam- 
D « Þles : Firſt, if the Body A 
1 moving towards C, meet 
with B at Reſt, whatever Motion the Body B gets 
by the Impulſe, ſo much | preciſely will the 
Body A loſe. J. C. It the Body A have twelve 
Degrees of Motion, and after the Impulſe B 
have five, then A will have but ſeven remain- 
ing; and therefore there will be equal Miutations 
of Moetion'in both, and the Effect will be the 
ame, as if a Force equivalent to five Degrees 
of Marion acted upon A towards C, contra- 
ry to its former Motiun, and another equal to it 
acted upon B impelling it towards C; and univer- 
ſally when one Body hits another, the Stroke or 
Blow'is cqually received in both, and it is always 
proportionable to the Motion loſt in Percutient 
Bodies. If an Horſe draws a Stone which is tied 
to a String, the Force by which the Horſe is pul- 
led back towards the Stone, is equal to the Force 
by which the Stove is drawn towards the Horſe ; 
for the Rope being equally ſtretched by the ſame 
Power it has to contract it ſelf, will put equally 
the Sone towards the Horſe, and the Horſe to- 

STR wards 
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Cs 
towards the Stone; and therefore the Force of At- 
traction in the Horſe and in the Stone are both e- 
qual; but ſceing the Strength of the Horſe is ſo 
great, and aſſiſted by the Ground on which he 
ſtands, that he can teſiſt the Attraction of the 
Rope, he will not in the leaſt yield to the At- 
traction of the Rope, nor be pulled out of his 
Place; but the ſame Stone which has ſo great a 
Force of Reſiſtance, will be drawn towards the 
Horſe. If the Magnet or Load-Stone attract Iron, 
the Tron will likewiſe equally attract the Load- 
Stone; this may be ſeen if you hold the Iron in a 
fed Point, and the Load - Stone hang in a Scale, 
or be ſuſpended by a String. The ſame thing is 
true in all other Attraction. 5 $507; 
Plate 3. Fig. 18.] Suppoſe two Boats A and 
B floating in the Water, and a Man in one of 
them. V. G. A, by the help of a Rope, pulls 
the Boat B towards him, and that by that Attra- 
ction not only the Boat B carries to A, but alſo. 
the Boat will be equally drawn to B; ſo that the 
Quantity of Motion will be equal in both; and 
if the Boats be of the ſame bigneſs and weight, 
they will mect at E the Mid-way between A and 


B. But ſuppoſe B; 10 Times greater than A, S then B 
| | will 
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will have 10 Times leſs Velocity than A, and the 
Boats will meet not at E but at D, ſo that D G 
will be 10 Times longer than F G ; if B is 1000 
Times greater than A, they will meet at the Point D, 
which will be ſuch, that G D will be 1000 Times 
Ai than DF, and conſequently it ought to 
ive 1000 Times leſs Velocity, ſo as to make 
the Momentum equal in both. If B be vaſtly 
greater than A, its Velocity will be vaſtly leſs, 
and altogether inſenſible. If a Man in A by 
the help of a Pole, thruſt the Boat B from him 
towards H, by that thruſting the Boat B forward, 
the Boat A will be thruſt backwards towards K. 
So that that there will be equal Quantities of 
Motion in both towards contrary Parts; and 
therefore if B is 10 Times greater than A, B will 
move towards H with 10 Times leſs Velocity than 
A, which moves the contrary way towards K, ſo 
that the Quantities of Motion in both are equal. 
If B is immenſely bigger than A, its Velocity will 
be leſs than A's in the ſame proportion, and 
conſequently its Velocity will be altogether in- 
ſenſible in reſpect of As, and may be reputed 


as none. 
| : Hig: 
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Hg. 17. Plate 34. And therefore if a Man in 
2 Boat thruſt the Earth or Shore trom him, the 
Boat by this thruſting will recede from the Shore; 


for the Shore may be conſidered as a prodigious 


great Body in reſpect of the Boat, and conſequent- 
ſy its Velocity will vaniſh and be equivalent to 


nothing. When a Boat is rowed with Oars, the 


Water by the Motion of the Oars is repulſed back 
to C, and therefore will re-a&t upon the Oars, 
and give to the Boat, to which they are fixed, a 
Motion towards D; and it is only upon this Ac- 
count that the Boat advances forwards; for if there 
was no Re- action, and the Water by being thruſt 
back did not give the Boat a Motion forwards, they 
muſt ſtand ſtill, becauſe there would be no Cauſe for 
its. Motion; but now ſince the Water re- acts upon 
the Oars, it communicates by its Reaction, as 
much Motion to the Boat forward, as the Oar did 
to the Water backward. | 
Since Swimming is nothing but Rowing with 
our Hands and Feet, we may eaſily underſtand the 
Reaſon why by this Motion of our Hands and 
Feet we advance forwards; for when the Water is 


thruſt backward, -it by Re. action will repel the 
Swimmer forward. Likewiſe when by the Motion 


K of 


= 
of our Hands we thruſt the Water down, it will 
by Re-action force us upwards. 

And the fame 22 is to be applied to the 
Flying of Birds, which is nothing elſe but Si- 
ming in the Air. The general Rules that all Bo. 
dies obſerve in their Motion, is this: The Sum of 


their Motions towards the ſame Part, (which is 
known by taking the Sums when the Bodies move 
the ſame way, and the Difference when they move 
contraryways) remains the ſame always before and 
after the mutual Impulſe. 

BODIES that have no Elaſticity after their 
Congreſs, move together without any Separation 
towards the ſame Side where was moſt Motion; 
and becauſe the Sum of their Motions. is. always 
the ſame before and after Percuſſion, if we take 
the Sum and divide it by the Quantity of Matter 
or Weight of the Bodies, the Quotient will give 
their common Celerity with which. they will move 
after their Conjunction. Suppoſe A B equal cach, 
for Ex. to a Body, of five Pounds; and ſuppoſe 
B at reſt, and A to move towards it with four De- 
grees of Velocity; becauſe B has no Motion, the 
Sum of their Motions will be four times Five, or 
Twenty, which being divided by the Sum of their 

| Weight 


[&] 
Weight (vix.) Ten, their Quotient Two will. be 
their common „ after Conjunction: So that 


if one Body move directly upon another, equal 
to it which is at reſt, after their Conjunction ey 
will go together with half their former Velocity. 
If A and B were equal, and B moved according 
to the ſame Direction with A, but with leſs Veloci- 
ty after their Conjunction, they will both go to- 
gether with half the Sum of their Velocities. 1 
poſe A's Velocity Eight, and B's Six after Impulſe, 
the Velocity of each will be One; if B moved by a 
contrary Direction with leſs Motion than A has, 
then if the Bodies be equal they will move toge- 
ther with half their Difference after meeting; but 
univerſally their Velocities are determined by taking 
the Difference of their Motions, which is the Sum 
of their Motions towards the ſame Direction, and 
dividing it by the Sum of the Bodies. Suppoſe 
A to be ten Pounds and B ro be fix, let As Ve- 
locity be Five, and B's Three, the Difference of their 
Motion is Thirty-two, which being divided by Six- 
teen the Sum of the Bodies, the Quotient Two is 
the common Velocity after meeting. If A and B 
moving contrary Ways, have equal Quantiries-of 

Motion, after Coneourſe they will both zeſt ; for 
THID'L „ 4h - "= 
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in this the Difference of their Motions being nothing, 
after meeting they can have no Motion. As for 
Example, ſuppoſe A ten Pounds and. B Eight 
Pounds; let A's Velocity be Four and B's Five, in 
this Caſe the Motion in cach will be Forty, there 
being no Difference of Motions, the two equal 
and contrary Forces acting one upon another will 
deſtroy one another's Motion; and therefore 
Des. Cartess Law of Motion is falſe, by which he 
| ſaid, There was always the ſame Quantity of Moti- 
an preſerved in the Warld. 76 Ps WY 
If there. was no Elaſticity, the former Laws: 
would ſerve for all Bodies; but by Rcaſon there 
are few Bodies but what are Elaftick, the Rules of 
common Motion are ſometimes very different from 
theſe already given; for by the Force of Elaſticity of 
Bodies, ſometimes they move after Percuſſion, and 
according to the ſame Direction, and ſometimes 
they go in contrary Direction. 
That we may explain the Cauſe of Reſilition 
and Separation of Bodies, we may illuſtrate it by 
an Example thus. [Plate 3. Fig. 15.] Let A B. 
repreſent a Hillen. Thread, or Cats:Gut, ſtretched 
and ſtrongly extended upon the. Table by the help 
of two Nails. I the Thread taken by the middle 


Point 
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Point and moved out of its Place, ſo that the 
Point D comes to C, and the Thread lye in the 
Poſition A C B, and then left to its (elf, it will 


immediately with Force go to reſtore its ſelf to 


its former Poſition. Now by the continually act- 
ing of this claſtick Force, by which it endeavours 
to reſtore it ſelf, it will continually increaſe its 
Velocity juſt as heavy Bodies do; and when it 
comes to the Point, it will have a Force to go on 
forward, equal to that by which it was forced out 
of its Poſition, by which Motion it will 80 on till 
it comes into the Poſition A EB, and then it will 
reſtore it {elf again, and perform Vibrations juſt. 
as in a Pendulum. III Yi I 1 23 u, 1151 

Nov let us ſuppoſe a Boch, as D | Plate 3d. 
Fig. 15:] to run from F upon the Thread A B, 
the Thread by this Force will! be put out of its 
Poſition AB into the Poſition A EB! where it will 
quickly ſtop-the, Motion of che Body Di Now, 
the Motion of the Body D being deſtroyed, the 
Thread by its elaſtick Force endeavouring: to re- 
ſtore it ſelf will return to its former Poſition, 
with the ſame Force by which it was put out of it, 

and will bring back the Body D again with it; and 
when it comes to the Poſition AD B; it will Have 
File! '. 
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the fame Force to go forwards towards F, as it 
had when it was put out of its Poſition firſt. But 
when it was put out of its Poſition firſt, it had all 
the Force of the Body D impreſſed on it; for all 
that Force was ſpent in bending the Thread: There- 
fore it will reſtore it ſelf with all that Force, and 
conſequently drive the Body D backwards by the 
ſame with which it came upon it. The Body D 
having then once got an Impulſe backwards, equal 
to what it had at firſt forwards, will by che fr f La 
of Nature always continue in that Motion, and 
therefore will be reflected with the ſame Velocity it 
had ar firſt forward ; if the Thread does not reftore it 
{elf with the ſame Force with which it was bended, 
the Body will not be reflected with the Velbci 

equal to what it had at firſt. ¶ Plate 3. Fig. 13. 

If the Body runs ſloping upon the Thread, the 
Reflection will be oblique, ſo that the incident 
Angle B be equal to the reflected Angle C. If 
inſtead of the Thread there was placed an Elaſtick 
Body, and ſuppoſe its Surface bended in by the 
Force of the Stroke from the Poſition at D B, into 
the Poſition A C B, as foon as ever the Force of 
the Stroke ceaſes, the Surface A C D by the Force 
of Elaſticity will be reſtored into its former Poſi- 


tion; 
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tion; and by all the Force by which it reſtores it 
ſelf, it will act upon the Body F and make it move 
back again. Now if the Body be a perfect Ela- 
ftick Body, it will reſtore it ſelf with the ſame Force 
with which it was compreſſed, and therefore it 
will make the Body F recede from it with the ſame 
Velocity with which at firſt it advanced towards it. 
Now that all Refled#mp Bodies, as Glafs, Ivory, 
Marble, &c. are Hafi may be caſily conclu- 
ded from the Sound and Tingling which they give 
when they are ſtruck; juſt as in a Hilten or Lute- 
String, when it is ſtretched and ſtruck, they pro- 
duce an Undulation in the Air, cauſed by frequent 
71 thr ations, after the ſame manner . but not ſo laſt- 
ing; but it may be more cafly proved from the 
Concourſe of Glaſs or Marble Spheres: For if you 
tinge one with any Colour, and let the other 
fall upon it, the Percutient Body will have a greater 
Portion of its Surface tinged, than that in which 
ir touches; and therefore by the Stroke it 
muſt be ſomewhat flatned, tho' afterwards it re- 
| ſtores it ſelf again. Bodies that are perfectly E- 
: — tom one another after Impulſe with 
the ſame Velocity as before they ſtruck, or they ap- 
proached one another; or which is the ſame ding, 
eir 
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their relative ee e and after their mutu- 
al Percuſſion abides the ſame. The Reaſon is this : 
-Boabes recede from each other only by their Ela- 
ſtick Force, by which they reſtore themſelves to 
their firſt Figure; but that Force is equal to the 
Force of the Stroke by which the Figures were 
changed, and the Stroke is always in the Proporti- 
on of the Velocity by which they approached 
one another: And therefore the ſame Force will 
make them recede from cach other with the ſame 
Force as they before came to each other. If the 
Bodies move towards contrary - Directions, the 
Force of their Stroke is as their relative Velocity, 
which is equal to the Sum of both their Veloci- 
ties; but if they go on in the ſame Direction, the 
Force of the Stroke which is ſtill as the relative 
Velocity, will be likewiſe as the Difference of their 
abſolute Velocities; for the relative Velocities arc 

always as the Difference or Sum of their real Velo- 
Cities, according as Bodies move if contrary or the 

{ame Directions. wt 
Prom this Property of perfect Elaſtick Bodies, 
and the univerſal Latu of Motion, that the Sum 
of their Motions towards the ſame Direction al- 
ways remain the ſame, tis caſy to determine the 


Velo- 
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Velocity of each of the Elaſtick Bodies after Per- 
cuſſion. % 10 Wo - 2s an; 
The Ru LE s which they obſerve, are theſe 
following. { * EE 

I. If a perfect Elaſtick Body comes upon ano- 
ther 7 — it, and at reſt, * Mate the 
DPercutient will ſtand 25 and the other will go for- 
ward with all the Velocity of the Percutiem. 

2. If two equal Elaſtick Bodies move according 
to the ſame Direction, after 22 they roll 
change their Velocities one with. another, and the 
Antecedent will hame the Velocity 2 the Conſequent, 
and the Conſequent of the Antecedent. 

3. If two equal Bodies move contrary after © 
meeting, they will both reflect and change their Velo- 
cities one he at, 3 n 

4 If alittle Elaſtick Body comes upon a greater 
| 7 7 at reſt, the impinge; Body 10 1 be 2 f 
and the other will go forward with a Motion equal 
to both the Motion of the 7 ent forwards before 
the Impulſe, and its Motion backward after. 


5. Jf the greater Body comes upon the leſſer they 
will both mode after the Stroke in the 3 D. 
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Thoſe that underſtand Algebra, may eaſily 


Calculate the Velocity of al ſores of Elaftitk 
Bodies after their Mutual ge. 


HFDROSTATICRS. 


DEFINITIONS. 


Ta "hoſe Pare hid to 
cer Fu, te, _ 9 Yelding 

oer eaſtiy put in 
21. J Solid B Ba e pee ve 
fo connecteil, as not to be diviued ue 4 deter- 
minate Force. 

By Solidirg, we dan t mean that Property of Bo- 
Naur 22 Penetration; 
Parts, by: which they 8 not 


to be ſeparated. 575 Ozanam's Definition o 
a — ae a Liquid are theſe. A Fluid is 4 2. 


dy: which" is eaſt 22 through, and whoſe ſepara- 
I Parts ſoin 8 immediately ;\ as — ſos 


Mater, Oil, , and other Liquors. 4 Liquid 4 


a Fluid, which being i ina ſufficient Quantity, flows 
continually 


£ 


ft the Co- 


— — 


— 
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continually and ſpreads it ſelf below the Air, till its 

upper Surface is Level, er in 4 horizontal Poſi- 

ä tion. of ne? | 

; 3. Gravity u that Force which puſhes Bodies 

{ One Body is ſaid to tenfely or Speci fical- | 

ly 3 15 another, when it 45 more Weight | 
4. ſame Bulk, or as much Weight and a leſo 
Loet Abe an. Inch of Wood, and B an Inch of 
Lead; if B weighs Four Oun- 
ces and A One Ounce, B. will 
haue Fuun Times more Spect- 

fick Grawity. than A. | 
Let Abe One Ounce of Wood 
A be four Times greater than 1 
D, then D will have four Times the Specifick Gra- 
vity of A; for there ua reciprocal Proportion be- 
tween the Bull and e Cravit) of equi- 
ponderous Bodies. . 
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Both the Superior. and Inferior Parts of any heavy. 
Fluid 2 heavy, 2 the 4 1 pr; _ 
+. Inferior. by their Gravity. x.. 
Plate 3. Fig. a a Fluid be put in tlie 
IL Veſcl AB CD, I ſay all its 
Parts are heavy, and that the Superior Parts A E F 
preſs the Inferior; for: ſince the whole Hluid is 
heavy by the Hypotheſis, and the Parts partake 
of the Nature of the whole; it appears that all 
the Parts are way ; wherefore1ince Gravity is that 
Force which puſhes Bodies downwards, it appcars. 
alſo that this Force is exerciſed on the inferior 
Parts of the Fluid, which are therefore preſſed by, 
the Superior. SOT TL WAY TL 


COROLL. 


From hence it follows, that the Preſſure, on a- 
ny Part of a Fluid is always according to the 
Height of the incumbent Fluid; for the Superfi- 
cies E F is preſſed by AE F D, and the Superfi- 

cies G H by AGH D, whoſe Weights or Preſ⸗- 
ſures are as A G. 2 


E . > Yoo ; 


„ 
EXPERIMENT. 
Take a Glaſs Bubble, and having by Heat ex- 


pelled ſome of the Air out of it, immediately 
Seal it Hermetically : When it is cool tye it to a 


| Balance, and add fſo much Weight to it as 


will make it ſink; then put Weights in the other. 
Scale to ra it from ſinking ; then break off a 


8. 


Piece of the long Neck of the Bubble, within the 


n ee 8 
Water, ſo that the Water may run in, and you 


will find that the Weight in the other Scale will 
not keep the Balance even; whereas if the Water 
within the Bubble did not weigh, the whole would. 
ſtill be kept in Zquilibrio, becauſe according to 
that Suppoſition, there is no Addition of Matter 
that weighs: | 
Hence it is plain, that Water weighs in Wa-- 
ter. . ä 
This Experiment refers to Cor. Prop. I. 
On this Principle ate founded all Water-works 
and Fountains ; according to the Height of their 
Reſerwatories, ſo high will the Water riſe. J. C. 
If the Reſerwvatory be Twenty Foot, the ſpouted 
Water will riſe Twenty Foot, allowing for the 
Reſiſtance of Air. x * 
ne . Plate 
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ſhould ye upon an horizontal Plane, the Li- 


3412545 


quor which comes out at the Middle of the 


Plate 3d. Hg. 26.] If the Spout of a Barrel 
be turned upwards, the Water will riſe as high. out 


of 


„%% ˙ . ESC TT 


only preſs t 
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of it; up to the Height of the Water in the Bar- 
tel, viz,. to A; ant 2 4s tlie Water finks ſo will 
the ſpouted Water without ſink to0. 


I Prip. IE. 
mn any Had (fig. ig. Plate 34] as AB CD; 


not only the Parts arc prefſed downwards, but 
there is alſo a lateral Preſſure, and a Preſſure from 
all:Farts. | 
For when a' Flmd is prefled from all Sides, it 
endeavo to recede from that Preſſure ; from. 
1 — 1. Force of receding will preſs all cir- 
Bodies, whether Fluid or Hard. V. G. 
1 pe of Water [5 [ Fig: 22.] as 4 be preſſed. 
by the Finger D upon the Plane B C, it will not 
. Plane B C, but endeavour to recede 
towards the Parts B and C: ; and if there be any 
Body as F, which hinders its Motion, it appears 
chat that Body is preſſed with all that Force by 
which: it endeavours to recede towards B:. After 
the ſame mantier in the Fluid [ Fig. 20.] A B CD. 
let any Part be aſſigned as E, which' by the fore- 


going Prop. is prelt by the upper Part G, and 


endeavours to recede towards tlie Parts E K, thats: 
forc. 


L 8 ] 
fore it muſt needs be that it preſſes F and K with 
all that Force by which it recedes towards theſe 


Parts AB C D. 


COROLL. 


Hence the lateral Preſſure is according to the 
Height of the incumbent Fluid. Te 
„„ 
Hence it's eaſily underſtood oy Flatks well 
ſtopt, and only full of Air, being let down into 
the Sea ( by ſome Weight tied to them) are bro- 
ken, VIZ. Dy the great Weight of the incumbent 


Water, which neither the Soundneſs of the Hacks, 
nor the included Air is able to reſiſt. 


EXPERNILME NY 


If you immerge a Glaſs Tube in Water, and 
ſtop the open End -[ Fig. 24. Plate 3] with your 
Finger, to hinder the Water from falling our of it 
again, and immediately take the Tube of Water 
and put it a pretty way into a Veſſel of Oil, ſo 
that the upper - moſt Surface of the Water * 

f be- 


—_ 
below the Surface of the Oil, the Oil will force 
the Water up; for the Oil at EF being more 
_ preſſed by the Columns of Oil G and H, than it 
is by the incumbent Water at M, will be forced 
upwards, and it will make the Water at M to aſ- 


cCend, till the Fluid in the Tube preſſes as much 


on the Surface M as the Oil at G H does on the 


Surface E E. . 
Nou becauſe Water is heavier than Oil, the 
Water in the Tube will not riſe ſo high as the 
Surface of the Oil, for the Water being heavier, 
a Column of a leſs Height will preſs. as much on. 
Mas the Columns G H preſs on E F. 
Hence we (ce that a lighter Hail may preſs 
on one that is heavier. 5 


Prop. III. ; 9 
Ng. 20. Plate 3. If all che Parts EE K of 


an homogeneous Fluid, as AB C D, which lye un- 
der the ſame horizontal Plane, are equally preſ- 
ſed; from ſuch a Preſſure there ariſes no Motion, 
for when the Preſſure is equal on all the Parts, 
they all will preſs each other with an equal 
Force; wherefore no one Part will yield to ano- 
wo M ann 
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ther, but the under Fluid powerfully aſſiſted by 


the Bottom of the Veſſel, reſiſts their Preſſure 
downwards ; therefore, from ſuch a Preſſure there 
ariſes no Motion. 
CO ROL L. | 
Hence alſo the Parts of an homogeneous Flu- 


id are at reſt, and not moved by any inteſtine Mo- 
tion; for ſince all the Parts ny reſiſt, one 


Part will not yield to another, and therefore are 
not moved. Contrary to Des Cartes's Opinion, 
who held, that Fluidity conſiſts in à continual and 
various Motion of the Parts 


Prop. IV. | 
Plate 3. Fig. 20.] If any Part as E, of the 


Fluid AB CD is more preſſed than the reſt, it will 


drive both the Parts under it, and thoſe on every 
Side (a latere) out of their Places. For if the 
Parts of a Hluid caſily yield to any Force impreſ- 


ſed (by Def. 1.) it appears that the Parts FG 
which are next to E, will give place to it pteſſing 
- with a greater Force, from whence E flows into 
— . .,  - WS 
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_ EX PE LACS. 

Hg. 23. Plate 3d.] Fill a Tabe with Oil, and 
immerge the Bottom a little way in a Veſſel of 
Water, (the top of the Tube being kept ſtopt with 
your Finger) ſo that it ſtand a good. way above 
the Surface, as at u, then the Mater at m being 
preſſed by a high Column, will be more ſtrongly 


preſſed by the incumbent Oil, than E and F are by 


the incumbent Water; conſequently it will (after 
your Finger is removed from the top of the Tube) 


thruſt the Water at E and F out of its Place to 


21 the Oil liberty to deſcend, and then you will 
ſee the Oil come out of the Tube in Drops, and 
then mixing with the Water it will aſcend and 
ſwim on the top. "Ai" 


+ 
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| Plate 34. Pig. 20.] II the Parts Eof the Fluid 


AB C be leis preſs d than the reſt, the Parts next 


co it as. FG K being more preſſed, will thruſt ir 


away and poſſeſs its room, and the Part E will 
riſe until - Preſſure of the Parts next to it be e- 
qual to its own Preſſure. NRW 
if een For 


| 
| 
} 
| 


zontal Planes. 
#48: 54 ©. 3% | 


the Surface. The Reaſon is this: Suppoſe the Oil 
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For, ſince the Part E being leſs preſſed, cannot 
reſiſt the reſt preſſing ſtronger, it will yield to 
them by the 1. Def. and that always till it come 
to ſuch a Place, where the Preſſure of the Parts 
next to it be equal to its own Preſſure, where, by 


the 34 Prop. it will reſt; but if it be a Huid, and 


it happen that it reſts not under the Superficies, 
it will ſpread it ſelf all over the upper Superficies. 


CO ROLL. 
Hence if the Parts of a Fluid are in Aaquililrio, 


* 


they are all cqually preſſed under the ſame hori- 


— 


1 = 


Fig. 24 Plate 3.) Take a Tube and fill ir alittle way 
with Oil, and ſtop it as before, the Oil will ſtill re- 


main in the Tube (being kept there by the Preſſure 
of the Air) immediatel Amer 

(which may be tinged with Cocheneal for the bet- 

ter Diſtinction) a good way below the Surface of 


nmerge the Tube in Water 


the Oil, then take off your Finger, and you will 
immediately ſee the Water thruſt up the Oil above 


In 
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in the Tube only to reach to c, then the Surface 
of the Water at g being only preſſed with the Co- 
lums of Oil cg, and the Water at S and R being 
preſſed with higher Columns 4 S, V R the Parts 
of the Fluid at S and R, being more preſſed than 
the Parts g, will thruſt g out of its place, and 
make it aſcend in the Tube, and preſs upon the 
Oil which will continually riſe, till when it is at 
a the Oil and Water in the Tube preſs as much 
upon g, as the Columns 48, & R do upon SR. 
Now, 1 — Oil is lighter than Water, the 1 
Column of Oil which preſſes as much on the Sur- 4 
face g, as a Column of Water would do, mult be 
higher than the Column of Water; and therefore 
the Oil will riſe higher than the Surface of the 


Water 0. e 
If we-try this Experiment with Water in Oil, 
che! Water in the; Tube will be below the Surface 
of then Oil, as at G H, ſo much as it is ſpecifical- 
1y heavier. Hence we ſee. a higher Fluid may 
preſs on one that is heavier. 3 Yb Ind iy 
The ſame. will hold if a Solid preſs upon the 
Fluid; nay, even Lead maybe made to ſwim. in 
the following Manner Jake a Cylindrical Glaſs 
open at both Ends and: ground; ar Bottom; then 
1 10 | 


if holding 
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holdit 2a ſmooth — 7 of Lead cloſe to the 


zroun End of the Glaſs (with wet or oiled Lea- 

ther upon the Lead, that no Water may get into 
the Glaſs berwixt it and the Lead) lunge the 
whole in Water till the Depth of the Ladd in wn 
Water be about twelve times its Thickneſs, 
ſomething more, and the Water will keep the Lead 
from inking : puſhing againſt it by a Force equal 


9 the Excels Ty WAR which the Water (which is by the 


Veſſel hindered from preſſing immediately under 
the Lead) exceed the weight of the Lead. Bur if 
the Veſſel be raiſed till the Lead be but nine or ten 
times its Thickneſs below the upper Surface of the 
Water, the Lead will leave the Glaſs and ſink 
down, moving as it leaves the Glaſs with a Force 
equal to the Exceſs, by which it exceeds the Water 
that it keeps out from preſſing immediately under 
the Lead; becauſe a Pillar of Water of the Dia- 
meter 6f the Lead ought to be twelve — its 
Thickneſs, to be equal to it in Weight. Thus 
will any Metal be made to ſwim, if they are 
ſunk in the Mater ſomerhing deeper than as ma- 
ny times their Thickneſs, as they are ſpeci! 
heavier than Water; always ſuppoſing the Gl, 
to hinder the Warer from — in to ſinł above 7 

| em. 


___  _— 
them. As for Ex. Braſs, Copper, Cold, | Anti- 
mony, Iron, will ſwim if plunged above 8, 9,18, 
4, and 7 times their Thicknels, becauſe gary are a- 
bout 8, 9, 18, 4, and 7 times ſpecifically heavier 
than Water. a 0 LADY 


This Experiment will ſerve to illuſtrate the 2d 


and 4th Propoſitions. | 


Plate 3. Hg. 21.] Let AB CD be a Veſſcl 
of ſuch a Figure, as that its Baſis C be greater 
than its upper Superficies A B. I ſay that a"Fluid 
contained in ſuch a Veſſel prefles the Baſes C D as 
much as à Priſm or Qlinder E C D E, whoſe 
2 C D, and Height E C, equal to the Bft 
and Height of the Veſſel AB CD, would preſs it; 
for _—_ the Corvll. of the 5th Propofetion all 
the Parts of a Nd comprehended under the ſame 
horizontal Planes, are equally preſſed ; it appears 
that tie Parts at C N and DM are preſſed as much 
as the by dhe Pri N, but — MN are 
preſſed by the Priſm ot Cylinder A B MN, from 
Went 1 that the Parts at C N and DM 
are as much preſſed as the Priſmm or Column 
nnn TED E 
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ECNADMB would preſs them; wherefore ; 
CD is prefſed as much as it would be if the PF 


Fluid ECDF lay upon it. | 


CO ROLL. 


” 


Hence ſince * is as Preſſure, 1 1 ap- 
e 


pcars that the Baſis C D ſuſtains the ſame Weight, 
which it would if preſſed by ECD F, which ( tho) 
it ſeems a Paradox) this Experiment confirms. 


EA ERTME NT. 
Plate 4 Fig. 1.] Let AB C be a Cylinder 
of Braſo, exactly filled with a moveable Baſis, 


ſo exactly contrived that no Mater may run out 


between it and the Side of the Cylinder ; let a be 


2 long Braſs Tube continued to the top of the 
linder; let a Rope that is tied to one End of 
tlie Balance, and runs thro the Tube, be fixed to 
the Middle of the Baſis at a, then pouring Ma- 


ter in at E, ſo as to fill the Cylinder at A B, lee 


what Weight in the Scale K/ will-be required to 


c 


move or [raiſe the Baſis à pteſſed by a Column of 


Water A BCD. As for Ex. Suppoſe Ten Pounds 
after this fill the Tube with Mater up to the tor. 


whicl 
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which if it be three Times longer than the Olin. 
der, you will find that there will be need of three 
Times more Weight to raiſc the Baſis, than when 
it was preſs d by only the Column of Water A BC 
D; whereas it was then raiſed by ten Pounds, it 
will not now be raiſed by leſs than tortyy which will 
be the Weight of a Colunm of Mater, whoſe Baſis is 
equal to the Baſis G; and whoſe Height is equal 
to that of the T ube and Cylinder, wviz,. G C D H. 
There are ſeveral ways of proving this Paradox. 
Horſe-Hair is reckoned to be a Body that 
comes neareſt the Specifick Gravity of Water. 


Pe. VII. 


Plate 4. Fig. 2.] If in a Fluid, as AB CP 
be let down a Body E, having a Specifick Grawi- 
ty equal to that of the Fluid, the Body will be all 
e in the Fluid, and will retain any given Po- 
ition. | 
For if any Part of it as E ſhould remain above 
the Superficies of the Fluid, that Part of the Flu- 


! id, wiz. which is under the Body E would have a 


greater Preſſure than the Parts I and K, which are 
only preſſed by the incumbent Fluid: For the 


Un- 


[ go ] 


immerſed Part of the Body E preſſes H of it ſelt, 


as much as the Fluid in its room would do; ſo 


that the Part which is out of the Mater added to 
the Preſſure, will force the Part H of the Fluid 
out of its Place, by the 4#h Prop. therefore the Bo- 
dy E wilt deſcend and be all immerſed; and there- 
fore, as in Fig: geb. when. the Body has an intenſe 


_ Gravity, equal with that of the Fluid, both the 


Parts under the Body, and thoſe under the Fluid 
in the ſame horizontal Plane, are equally prefs'd ; 
ſo that by the 34 Prop.” there ariſes no Motion 


from fuch a Preſſure: And ſince the fame: Reafon 
holds good in every Poſition of the Body, it is 


manifeſt that it retains any one that is given it, 


KED. 5 $2 
Prop. VL 


P Beg] Fm = Haid 2 ABCD 


the Fluid, the Body will deſcend to the Bottom, 
but with a Force equal to the Exeefs by which 
the Gravity of the Body execeds the Gravity of 
fo much of the Fluid as is equal to ir in Bull. 
For if the Body and the Flaid were both of 
che ſame Speerfick' Gravity, the ts _ 
-{f1 & Cen 


be immerſed any Body as E, fpecifieally heavier than 


c 


»» Mo _ 
3 4 — — — 


„„ 
deſcend by tho 7th Prop. But when it is heavier 
than the Fluid, the Parts H under the Body are 
preſſed ſtronger than thoſe under the Fluid; 
wherefore by the Exceſs of that Preſſure, the 
Parts H will be chruſt our of their Places, there- 
fore by the ſame Exceſs E will deſcend K E D. 

117 S ( ii 
A Body immerſed in a Fluid loſes as much of 
tits Cravidy as is the weight of à Portion of the 
Nluid, equal to it in Bulk; for Crawvit)y is a Force 

which puſhes a Body downward. Now ſince a 
Body deſcends with that Force only, by which ir 
exceeds the Crawity of- an equal Bulk of the Flu- 
id, it appears that it gravitates in Mater with this 
Force alone. N A 
4 5 t r 
Weigh a piece of Lead in the Air, ſuppoſe 
twelve Pounds; and afterwards weigh it in the Ha- 
ter, and find how much it loſes of its weight, 


_ dup 2 Obſerve allo how high the Lead 
raiſes the Water when put into it, then take out 
the Lead and put in 17 Oz. of Water, and you 
will find that the Mater 8 will riſe as had 15 
* 2 N 2 the 
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the Veſſel as the Lead raiſed it before; and there- 


fore the Weight that a Body loſes in the Water, is 
juſt equal to the Weight of as much Mater as is 
equal to the Body in Bulk; what Weight the Bo- 
dy loſes the Water gets. For Ex. Suppoſca Vel- 
ſel of Water weigh ten Pounds; it we hang a 
twelve Pounds Weight in that Veſſel by a String, 
ſo that it may touch neither Bottom nor Sides, 
the Veſſel of Mater will weigh ten Pounds and 
ſeyenteen Ounces, which is juſt the Weight that 
the Lead of twelve Pounds loſes, and what the 
Lead loſes the Body gains. 5 


b ds + DR. O LL 2. 

Two Bodies which are of different Specifick 
Gravity, as Gold and Silver, AEquiponderous in 
Air, or rather in vacuo, being immerſed in a Flu- 
id, that which is of the greateſt Specific Gravity 
- will preponderate. For ſince every Body immer- 
ſed in Water loſes of its Gravity, as much as is 
the Gravity of a Portion of the Fluid, equal to 
it in Bulk; it appears that that which takes up 
the leaſt room, that is, that which is ſpecifically 
heavier, loſes leſs of its Gravity, and ſo prepon- 
rn br et Sil 3603 bon Vir 
FOE E X- 


REF 
+. EXPERIMENT 
Take a Crown-PThece of Silver, and a Piece of 


Lead of the ſame weight ; when they are weighed 
in the Air, afterwards weigh them in the Mater 


and the Lead will preponderate. 


COR 3. 
Bodies are eaſier lifted up in Mater than in Air. 


COA 


: Hence the Weight of any Fluid is eaſily found, 
” wiz. by immerſing a Cubical Foot of Lead into 
: it, and its Difference between its Weight in the 
Fluid, and its Weight in vacuo, is the Weight of 
the Fluid. wo © F=h 
Plate 4. Fig- 3] If in a Fluid as ABCD, 
the Body ſpecifically lighter' than the Fluid be 
immerſed, it will not be covered, only ſo much of 
it as is equal to a Portion of the Fluid, which is 
1 heavy as the whole Body. 


* Por 
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For if the whole ſhould be immerſed, it ap- 
pears that the Parts of the Fluid under it, are leſs 
preſſed than thoſe under the ſame horizontal 
Plane are by the incumbent Fluid; becauſc the 
Gravity of the Body E is leſs than the Gravity of 
an equal Bulk of the Fluid: Therefore by the 5th 
Prop. the Parts under E will riſe till they come to 
ſuch a Place, as where the Preſſure of the Fluid 
AIKD is but equal to the Preſſure of E, that is, 
vuhen the Preſſure of che Body E is equal to the 

Prefſure of as much of the Fluid as would be 
put in the Place of the ſubmerſed Part. 


Hence ſince the Specifick Crævities of Bodies are 
reciprocally as the Bulks of Equiponderans ones; 
by the 4th Prop. the immerſed Part of the Body 
E will be to the whole, as the Specifick 83 

Flui 


« . 


of the Body to the Specifick Gravity of the 


COROLL. 2. 0 ol 

Therefore the Gravity of Bodies put in a Flu- 

id is twofold ; one True and Abſolute, the other 

Relative and Apparent ; by the firſt Sort of Gra- 
| | vity 
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vity the Parts of Fluid and of Solid Bodies, gra- 
vitate in their Places; therefore the Weights being 
joined, they compound a Weight of the whole. By 
Relative Gravity, Bodies do not gravitate in their 
Places, that is, By do not preponderate one ano- 
ther, but hindering each others Endeavour to de- 
tcend, they remain in their Places, as if they were 
not heavy; thoſe things which are in the Air and 
do not preponderate, the common People do not 
think heavy, but thoſe which do preponderate 
they eſteem 3 becaufe they ate not ſuſtained 
by che eg the Air. Common Weights arc 
nothing cle but the Exceſs of true Weights, above 
the weight of the Air; from whence alſo thoſe 
things are commonly called light which are leſs 
heavy, and by JA to the preponderant Air 
mounts upwards ; 2 are comparatively light, 
not truly ſo, becauſe they do deſcend: in vacuo. 
Thus alſo in Water Badies uhich deſcend, or 
aſcend by reaſon 25 their greater or leſs Gravity, 
are apparently and comparatively heavy or light; 
aut len ca 8 ys fea 7 4 
ceſs or Defect: by which their true Weights exceed 
the. Gravity of Water, or are extended by it. 

= * ; ; 2 : A 
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— 
A Kettle is cold at Bottom when the Water 
boils, becauſe warm Water being ſpecifically ligh- 


ter than Cold, the cold Water will deſcend to the 


Bottom. | 
w 'COROLL. 3. 


The immerſed Parts of unequal Bodies of the 
ſame Fpecifick Gravity in a Fluid heavier than 
themſelves, are to each other as the wholes. 


COTE... 


The immerſed Parts of equal Bodies having 
different Specifick Cravities, are to cach other as 
their Speci ic Gravities. 10 20 


EXPERIMENT. 


Take a piece of Wood and weigh it, then fink 
it in a Veſſel as far as it will go with its own Gra- 
vity, and obſerve how high it riſes the Water in 
the Veſſel; having taken out the Wood, pour as 
much Water in the Veſſel as is equal to the weight 
of the Wood, and this will riſe up to the ſame 


Surface that the Water did before the Wood was 


—_ 


Prop. 


O09 
Prop. X. 


Plate 4. Fig. 4 and 5.) If the ſame Body E be 
immerſe in different Fluids, heavier than it ſelf, 
the immerſed Part will be reciprocally as the Speci- 
fick Gravities of the Fluids. | 
For the immerſed part of the Body E in the 
Fluid A B CP is to the whole, (by Cor. 1. Prop. 
8.) as the FSpecrfick Gravity of the Body to the 
Specifick Gravity of the Fluid, and the whole is the 
immerſed part in the Fluid 4 B c d, as the Speci- 
| fik Gravity of the Fluid to the Specifick Grawity 
of the Bod); wherefore by 23 of El. 5. the im- 
meerſed Part in AB CD will be to the immerſed 
Part in aBc d, as the Gravity of the Fluid to 
a Bcd to the Gravity of the Fluid AB CD RK 
ED. 
© Hence appears a Method of finding out, whe- 
ther any Quantity of Salt is contained in Water, 
by the Aſſiſtance of an Inſtrument made in Glaſs, 
repreſented in Fig. 20. Plate2d. And ſince Falt- 
water is heavier than Freſh; find firſt how deep 
the Inſtrument ſinks in Freſh-water, and if in try- 
ing other Water it is leſs immerſed, it's _ 
h O that 
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that Salt is contained in it, as being heavier, and 
by how much the leſs it is immerſed, by ſo much 
the more the Salt is in the Water. 
The Excellency of Liquors as Mine, for Inſtance, 


is found out by the fame In ſtrument; for by how 
much the lighter ſuch Liquors are, they are com- 
monly eſteemed ſo much the better; but their 


Gravity is found out after the ſame manner. 
op. NL 
To find what Relation the Specifick Gravity of 4 


Fluid and 4 Body given, unmerſed in it, have to 


each other. | 
In the firſt place, ſuppoſe the Body to be ſpecifi- 


cally heavier than the Fluid, and ler its Weight be 
found in Vacuo, and then put it in the Fluid: As 
the Weight of the Body will be to the Exceſs (by 
which the ſame Body weighed out of the Fluid, ex- 


ceeds its own Weight in the Fluid) ſo the Spect- 
| fick. Gravity of the Body will be to the Specrfick 


Gravity of the Fluid. For the Specifick Gravi- 
of Bodies equal in Bulk, are as their Weights ; 


bur the Weight of a Portion of the Fluid equal 
in Bulk to the Body it ſelf, by Cor. I. Prop. S. is 


that 


r 
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that Difference of the Weight; therefore theſe be- 


ing given, the Relation berween the Specifick Gra- 
vities of the Body and the Fluid will be given al- 


But if the Body immerſed be ſpecifically lighter 
than the Fluid, the Specifick Gravity of the Fluid 
will be to the Specifick Gravity of the Body, as 
the whole Body to the immerſed Part of it, by 


Cor. 1. Prop. 9. 
i Prop. XII. 


Plate 2. Fig. 18.] The Solid Bodies as A and 
B being given, to find that Relation their Specifick 


 Gravities bear to each other. 


Leet the Relation of the Specifick Gravity A to 
the Specifick Gravity of the Fluid D, be found by 
the former 29 and let the Relation of the Speci- 


| fick Gravity of the Fluid D to the Specifick Gra- 


vity of the Solid B be found allo ; from whence 
by 20. El. 5. the Relation of the Specifick Gra- 
vity of the Solid A to that of the Solid B will be 


_ given. S 0 


Prop. XIII. 


Plate 4. Fig. 6.] If upon the Fluid ABCD: 
another Fluid as EA D F be poured ſpecifically 
O 2 higher 


[ 100 } 

higher than the former, it will not be immerſed 
in the Fluid, yet it will preſs its Superficies by 
its Gravity. | 

For ſince the Fluid A B CD is ſpecifically hea- 
vier than the Fluid EA D, its Force of tending 
downwards will not be exceeded by the Force of 
the Fluid EADEF; wherctore the Fluid EA DF 
cannot deſcend below AB CD; yet fince it is 
heavy, it is manifeſt that it preſſes the Superficies 
AD with its Gravity: 


Googeln. 


Hence the Preſſure of any Fluid poured in, 
ſuppoſing it to be Homogeneous, and of the 
ſame Denſity every where, is always according to 


its Height. 
CO RO LI. 2. 
By how much ſpecifically heavier the Fluid is, 
by ſo much the greater is its Preſſure. 
COROLL 3. 
| The Superficies of every Fluid is preſſed by 


Prop. 


. 
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ORF c * 


the ſame horizontal Plane. 
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Prop. XIV. 


Plate 4. Fig. 7.] If the Superficies of the Flu- 
id A BCD de prefled by an incumbent Fluid, but 
the Part G 8 from the Preſſure (which may be 
done by the Aſſiſtance of a Tube, as Im 7 o, the 
Fluid G will riſe above the Superficies Amn D 7, 
and that to ſuch an Height, as that the Superficies 
mn may be preſs d with as great a Force as A m 
Dx; that is, it will riſe up to p q For ſince the 
Parts p q of the Fluid are leſs preſſed than the reſt, 
it will riſe by the 5 Prop. and that until N be 
preſſec wich as great a Force as Am and D under 


J 


Coo ö 


Hence the Fluid ni? which aſcends, has as 
much Gravity as the Quantity 2 2 s of the Fluid 
EFA D would have of the fame Height as EA 


and F D. N 
* N 


Therefore the Specifick Gravity of Fluids are re- 


ciprocally to cach other as the Bulk of the 
2 aſcen- 
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aſcended Fluid as pmnq to the Bulk u ms, 


or when theſe two Bodies have equal Baſes reci- 
procally as their Heights. 


SCHOLIUM 


Since Air preſſes the Superficies of all Fluids 
by its Gravity, by Cor. 3. Prop.13. If any Part 
ſhould be free from the Preſſure, it is manifeſt 
from the foregoing Prop. that the Huid will aſ- 
cend above that Superficies which is not preſſed 
with the Air, until it preſs the Superficies under it, 
with as much Force as the reſt of the Superficies 
is preſſed by the incumbent Air. 

And this Prop. is of very great uſe in Hydro- 

ſtaticks, for by its Aſſiſtance all the Phanomena of | 

Nature that uſed to be attributed to the Abhor- | 

rence of a Vacuum are caſily explained. Nay, l- 

many things are drawn from it for the neceſſa 

Uſes of Life, as Syringes, Pipes, and other ſuch 

like Machines. But before we treat of theſe 
things, it will not be amiſs to ſpeak a few Words 

of the Torricellian Experiment, and to ſhew the 

Cauſe of it, from what has been above demon- 


ſtrated. 


EA. 
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EXPERIMENT. 


Take a Veſſel of Water, and immerſe a Tube 
(open at both Ends) into ir, then pour Oil upon 
the Water, to the Height of four or five Inches, 
which will raiſe the Water in the Tube ſo high, 
that it may preſs as much on the Surface of the 
Water under it, as the Oil does on the reſt of the 
Surface; let the ſame Experiment be tried with $ 
and Water. Vide Prop. 4. & 5. [| Plate 2. 
Fig. 19.] Take a Drinking Glaſs, and turn it ſo 
in the Water, the Air being turned out ; if the 
Glaſs be raiſed perpendicularly, the Water will aſ- 
cend in it above the Surface of the ſtagnant Water, 
as at B. SEES 3 
The Air does not only gravitate on the Surface 
of Fluids; but alſo upon all Solid Bodies, as may 
be proved from the Coheſion of two flat Pieces 
of Glaſs or Marble exactly poliſhed and ground 
toter | 

That this depends upon the Preſſure of the Air 
is plainly evinced, by trying the Experiment in 
the Recipient of an Air-Pump; for after an Exſu- 
ction or two of Air the Marbles drop aſunder. 

© ons Another 


= * 


— 


D Tos J 
Another Argument for the Preſſure of the Air, 
may be taken from the Recipients ſticking to the 
Plate upon which they ate fixed ſo cloſely, that 
after two or three Exſuctions it requires a conſide- 
rable Weight to pull it away. 


Prop. XV. 


Plate 4. Fig. 8.] To ſhew the Torricellian 
Experiment and explain the Cauſe of it; let AD 
the horizontal Super ficies of the & wick-Silver con- 
tained in the Veſſel AD be expoſed to the Preſ- 
ſure of the internal Air, and the. T; ube Þ C ſop- 
ped at Þ and open at C be filled with Q wick-S1- 
wer ; after this turn it, and immerſe its Orsfice C 
under the Super ficies of the Quick-Hilwer contained 
with your Finger, until that it be ſo immerſed 
that the Mick. Silver do not run out by turning 
the Tube; and then unſtop it, holding it in that 
Poſition. Now Experiment makes manifeſt, that 
the Quick- Silver in the Tube C P will not deſcend 
below the Height of Twenty-ſcven or Twenty- 
eight Inches; and if the length of the Tube E 
leſs. than Twenty-ſeven or Twenty-eight Inches, 
| | the 


C1) 
the Qaticl-Hilver will not deſcend at all, until its 


Height u c be Twenty-ſeven or Twenty, eight 
Inches (there being leſt within the Tube P in n, 2 


| Vacuum of Air and Quick-Silver) where it will 


remain. The Reaſon ot this Experiment appears 
from the foregoing Prop. For ſince the Super fi- 
cies of Q wick-Silver A D, is preſſed by the ſuper- 
incumbent Air, but its Part C is freed from that 
Preſſure ; it muſt needs be, that the Height of the 
Quicl-Silver in the Tube CP be ſo great, as that 
the Super ficies G ſuſtain the fame Preflure from the 
incumbent Q atck-Silver, as the reſt of the 
Quick-Silver does from the incumbent Air. 
EXPERIMENT. 

If we immerſe the Tube thus filled, in Water 
| inſtead of Mercury, the Mercury in the Tube 
will deſcend, and-che Water. will aſcend to the 
top of the Tube, per Prop. 4. 1 | 
N. B. If we incline the Tube towards the Ho- 
rizon, the # will riſe higher, and always keep the 
the ſame J. height; for in the inclined Poſition it 
does not preſs. ſo much upon the ſubjacent & as on 
the reſt, its Gravity acting purely againſt the Sides 
of the Tube. 2] 111 en ie 


P 3 
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To prove that this deſcends upon the Preſſure 
of the Air, take a Glaſs Tube four or five Foot 
long, which has one End (inſtead of being ſcal- 
ed Hermetically) tied over with a piece of Blad- 
der ; fill it up with Water, and immerge it in ſtag- 


nant Water, you will obſerve the Water not to 


deſcend at alt; but if with a Pin bw make an 
Hole in the Bladder, the Water will immediately 
deſcend quite out of the Tube. 


*COROLL un 


Hence a Cylinder of #4 of Twenty. ſeven or 
Twenty-eight Inches, gravitates as much as a Co- 
lumn of Air, whoſe Height reaches to the top of 
the Atmoſphere, and whole Baſis is the ſame as 
that of the Column of 9 wick-Siver. 


EXPERIMENT. 


We may - increaſe the Weight of the Air by 
finking the Barometer into another Fluid ; to wit, 
put it into a long Cylindrical Glats, and afterwards 
pour Water on the Surface of the ſtagnant Mer- 
cury, and the & will ſtill riſe higher in the Tube, 
according as the Preſſure of the Water ä es. 

5 8 — 8 About 


E 


About fourteen Inches of Water upon the ſtag- 
nant 9 #ick-Slver will raiſe that which was in the 
Tube about one Inch, there being Fourteen to 
One between the Gravity of # and Water. 
The Tube with v being put into a long Recei- 
ver, the 2 will fall down after the Air is pum- 
ped out. The ON 9! 

The ſame Experiment may be tried with Water 
in the Tube, but the Mater will not ſubſide fo 
faſt as the 5 did. And if in the Tube there be 
left a ſmall Air-Bubble, this Bubble will expand it 
{elf and fill the whole Cavity of the Tube, even 
ſo much as to depreſs the Surface of the Water in 


the Tube, below the Surface of the ſtagnant Wa- 


der. 8 


COROLL 2 


If Air were of the ſame Denſity at all Di- 
ſtances from the Earth, its Height could eaſily 
be found out; for as the Difference of the Height 
of the y on the top of a Mountain, is to the 
Height of the ? at the bottom of the Moun- 
tain; ſo is the Height of the Mountain to the 
Height of the Air. 3 
N 83 OW It 


— 
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La] 
It is manifeſt that a Cylinder of Water of Thir- 
ty-rwo Foot gravitates as much upon a Hluid un- 
45 it, as the Air does upon the other Parts of it; 


therefore Water can be fuſtained at ſuch a Height 
by the Gravity of the Air. . 


SC HO LIVU M. 


I have ſaid that 2 is ſuſtained at Twenty: ſeven, 
or Twenty- eight Inches; for the Gravity of the 
Air is various and mutable ; ſometimes $ will 
remain Twenty-ſeyen Inches, ſometimes Twenty- 
eight, and now and then it will aſcend to Twen- 
ty-nine or Thirty Inches; from whence it muſt 
needs be that the Gravity of the Air is changed 
proportionably to its Height. 

By how much the heavier Air is, ſo much the 
eaſier can it ſuſtain Vapours raiſed by the Heat of 
the Sun; for Vapours are nothing elſe but watery 

articles rarified by the Heat = the Sun ; and 
therefore the ſame Particle of Water taking up a 
greater Space, becomes ſpecifically lighter than 
Air ; from whence of Neceſſity that Particle muſt 
aſcend until it come to the Air, whoſe Spectfick 
Gravity is equal to its own, where it muſt reſt; 
but the Gravity of the Air decreaſing, it muſt 

; 1 needs 
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needs be that che Vapours will deſcend, which by 
the Reſiſtance of the Air in their Motion, are for- 


| med into Drops of Water, from whence it cannot 


but Rain when the Gravity of the Air is leſſened; 
but when its Gravity is increaſed the Force is alſo 
increaſed, by which it is able to ſuſtain the Va- 
- pours, and that remaining the Air is clear. Hence 
it is that ſuch a Tube filled with 2, and immer- 
ſed within the Super ſicies of ſtanding is uſed to 
ſhew the Gravity of Air and fair Weather which 


follows from it. 
Prop. XVI. 


The Elaſtick Force of Air incloſed in a Veſlel 
of the ſame Tenor with the ambient Air, performs- 
as much as the Burthen of the open incumbent Air. 
Let there be a Tube or a Veſſel, having an o- 
pen Orfice; by which there may be a Communi- 
cation between the internal and external Air; if 
then the adjacent Parts of external Air, be leſs 
preſſed. than thoſe which are within the Veſſel, 
theſe will dilate themſelves by the 5h Prop. un- 
til they come to an equal Force; but if the exter- 
nal adjacent Parts (by the Preſſure of the incum- 


EF 


U. 1 I O ] 
bent Air) are more preſſed than thoſe within, thoſe 
that are within will be compreſſed, untill their E- 
laſtick Force is equivalent to the Force preſſing from 
without. 40M is N 
This appears from Mr. Boyle's Experiments. 

r | 

From this follows the Reaſon why we do not 
feel the Weight of the R 


co ROLL 2. 


From hence alſo we know why ve do not feel 
the Weight of Mate. 


C ORO LI. 3. 


Plate 4. Hg. 13.] Let CD be a Pipe or cur- 


ved Tube open at both Ends, one of which, as C 
is immerſed in Water, or any other Huid; the o- 
ther as E, being longer than C from the Curve, 
hanging without the Haid. If then by Sucking, 
the Liquor comes to E, until it runs out, it wi 

continue running, altho' do not fuck it, till 
the Liquor in the Veſſel be either all drawn out, 


or wants a due Height; yet upon this Condition, 


that 


(i: rar Þ 

that the Ori ſice E be lower than the Super fictes A 
B of the Liquor in the Veſſel; for the Air being 
ſuck d out of the Tube into the Thorax, the Fluid 
under it is forced into the Pipe, by the Preſſure 
of the external incumbent Air, by the preceeding 
Prop. therefore the Fluid will riſe to the top D. 
until. there is an Æquilibrium with the Preſſure of 
the external Air (ſuppoſe the Height I G) that 
is, in about Twenty-nine Inches, in Water a- 
bout Thirty-three Foot, and ſo in other Liquors 
proportionably according to their Gravity, and 
will run out ſo ſoon as it finds a Paſſage, becauſe 
the Water gravitates in the longer Tube; and the 
Reaſon why D E ought to be longer than DC, is, 
becauſe if it were otherwiſe both C and E would 
be prefſed equally by the Atmoſphere; if DE 
| ſhould be ſhorter, the Huid would be carried 

contrary ; but if D be higher than I, the Fluid 
= be forced upwards as far as I, but not far- 


Take 
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Take a Tale of this Shape, 
openat ABC, and having im- 
merled the Ends B and C into 
two different ſmall Veſlels full 
Eo Water, put the whole into 
1 2 Cylindrick Jar of Glaſs, then 
pouring in Oil of Turpentine 


up to D, above the bent Part 
ol the Tube, and the Water 


All. an out of : the Veſſel A into the Vella B 


which ſhews that a competent 5 of a 
ter Hud will make Water come over 1 a 9 

even tho the Air comes in at G; this ſhews 
plainly that the Fuga Vacui has — 5 to do in 


this Experiment and others of the like Nature. 


EXPERIMENT. 


IO 6. Fig. 4] Take a Receiver:Tube with 
the one End longer than the other, and pour 
Mater in till it riſes in both to the Height A; after- 
wards put your Finger on the Or:fice A; and pour 
in Water ar B, cill it riſe to the top ; then put 


your Finger upon B, and leave the Oriſice open, 
and the Water will not run out at A; but if you 


ale off your Finger, the Liquor vill run out at A 


rl 
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till it has ſubſided in the Leg B down to the Le- 
vel of the Oriſice at 4. d 
will riſe the ſame Way, but not to the ſame 
Height, ſince it will riſe no higher than in the 
common Baroſcope; that is, fourteen times leſs 
than Water, it being fourteen times heavier. 2 

riſes but to Thirty Inches, Water to about Thirty- 
three Foot. * O 

If the Romans had known that the Preſſure of 
Air could raiſe Mater to ſuch an Height, they 
needed not to have been at the Trouble of Cutting 


| | oY 8 
thro Mountains to make their Aquaducts level. 


nrg L IVM 

Ihe ancient Philoſophers ridiculouſly explained 
this by the Abhorrence of a Vacuum, in the place 
of which now deſervedly ſucceeds the /Equilibri- 


um of the Air. Galilei firſt thought of it, and 
Torricellius maintained and proved it. 


of e DOR! 2th 

Plate 4. Fig. 12. The ſame thing holds good 
of the Pump, which, is made of a long Piece of 
Timber cut ylindrically within, and is immerſed 


Q in 


CL aq | 

in the Well, the upper Part of which ſtanding a- 
bove the Super fictes of the Water; which Water is 
not to be ſuppoſed free from the Preflure of the 
Air, but expoſed to it (for otherwiſe the Water 
will not be thruſt upwards) and at ſome Part of the 
Hollow of the Pump there is fixed a Piece of 
Wood acroſs, in the Middle of which there is the 
Hole D, thro' which this Water aſcends ; and o- 
ver this Hole there is a Valve or Clack as E, fo pla- 
ced acroſs, as to po or ſhut according to its be- 
ing prefled from above or below; alſo a Bucket 
as FG, let down from above by the Rod or 
Handle ( ſo fitted to the Sides of the hollow - 
linder, as that the Air can have no Paſſage be- 
tween) which alſo hath a Hole in the Middle of 
its Bottom, and a Valve G fitted to it, as hath D 
E. . Things being thus ordered, while by moving 
the Handle the Bucket is drawn up (the Air being 
upon it, and by that means there will be abt 
reſſure of Air upon the Water below the Buc- 
t) the Water in the Mell being preſſed by the 
ambient Air will be forced up into the Hollow 
of the Pump through the Hole D (opening the 
Valve E) as far as the Bottom of the Bucket (pro- 
vided it be not higher than 1, the top of the 
* Aci. 


( 115 ] 
Lquilibrium ) as being free from any Preſſure 
from above, and thruſt up from below; but on 
the mama by turning the Handle the other 

way, the Bucket is preſſed down, and preſſes the 
Water immediately under it, which aſcends thro' 
G D; by this Depreſſion E is ſhut and G opened, 
thro' which the Water having got above the Buc- 
ket, is drawn up with the Bucket; when it is 
drawn- back (the Valve & being ſhut) and finding 
Paſſage flows out at H, then Water riſing again at 
D, ſucceeds as before in the place of the Bucket 
that is drawn up, and ſo continually. 


Prop. XVII. 


Concerning the Elaſticity of the Air, and ſome 
Effects depending upon it. 8 5H 
. El. ick Force of the Air is that by which 
a compreſſed Quantity of Air endeavours to ex- 
pand it ſelf into a greater Space; and ſince the 
Air at the Super ficies of the Earth is much preſ- 
ſed by a great Weight of the incumbent Air, it 
muſt needs be that it will endeavour to recede 
from that Preflure every way, and ruſh into what- 
ſoever Space it finds free from Preſſure, where by 


22 | its 
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its Elaſtick Force it will expand it (elf equally, 
and uniformly poſſeſs all the given Parts of this 
o EAT 371 | 
EXPERIMENT. 
Let a Bubble filled with Air of the ſame Tenor 
with the outward Air, be Hermetrically Scaled, 
then heat it at the Flame of a Lamp, and the 
Air being expanded by Heat will burſt the 
' Bubble. Tae... lis die | 
If any Elaſtick Body be compreſſed by a, ſu- 
perincumbent Weight, it will endeavour to ex- 
pand it ſelf equally on all Sides by its Elaſtick 
Force; and ſo equally puſh the Weight upwards, 
and the Table by which it is ſuſtained down-. 
wards. 1 
Plate 6. Fig. 16.] But if inſtead of the Weight 
be put an 3 that may reſiſt the retributive 
Force of the Body, then the Elaſtick Body will 
endeavour to expand it ſelf after the ſame manner 
which it did at firſt, and ſo will puſh the Table by 
which it is ſuſtained with the ſame Force alſo as 
at firſt; as alſo the thing which reſiſts it, tho” in 
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By how much the more an Elaſtick Body is ex- 
panded. that reſiſteth any. ' Compreſſion, by ſo 
much the leſs will its "efftive Force be, and ſo 
on the contrary ; and therefore that Force is al- 
ways equivalent to the Power that compreſſes it. 
Therefore the Denſity of the Air is always as the 
Force preſſing it; ſo that ſince the Air within is 
retained in its Denſity. by the Weight of the ſu- 
perincumbent Air, if a double Weight be apply- 
ed, it will become twice as thick, and be com- 
preſſed in half the Space: If it be compreſſed 
with thrice the Force, it will be forced into three 
times leſs Space; ſo likewiſe if half of the incum-- 
bent Air be taken away, the compreſſed Air will 
expand it ſelf into twice the Space it had whilſt 
compreſſed, c. 2 * 
Hence ſince Air contained within the Walls of 
an Houſe, is of the ſame Denſity with the exter- 
nal Air with which it communicates, it will en- 
deavour to relax it ſelf equally with the external 
Air, and will preſs the Super ficies of Hluids with 
the ſame Force as if thoſe Fluids were immediate- 
1 expoſed to the whole incumbent Air; and 
—— Air within a Houſe will keep $ at the 
ſame Height in the Torricellian Tube, as if it was 


2 
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expoſed to the Weight of the whole incumbent 
Air. Nay, ſome Part of the Air of the ſame 
Denſity with the external Air ſhut up in a Veſſel 
with ſtagnant x, will by its Elaſtick Force keep 
the ; in the Tube at the ſame Height as before. 


EXPERIMENT. 


Plate 2. Fig. 19.] Take a Drinking-Glaſs as 
A, and immerge it in Water, ſo that the Air may 
not get out of it; it you fink it all under Wa- 
ter the Cavity will not be filled, the Air within 
hindering the Aſcent of the Water; which may 
be ſhewn by putting Paper into the Bottom of the 
Glaſs, which will not be wet; but if you fer the 
Paper on Fire, the Air by Heat being ſomewhat 
expelled, the Water will riſe a good way in the 
Glafs. Upon this Principle Diving-Bells arc 


made, by which divers deſcend to the Bottom of 


the Sea and Breath freely under Water; yet the 
farther the Bell is ſunk the more the ir will be 
compreſſed. When it is about Thirty-three Foot 
under Water, the Air will be compreſſed to half 
the Space which it was before; this ſometimes 
breaks their Blood - Veſſels and makes them Bleed 
at Mouth Noſe and Eyes. 
8 | Take 
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Take a Mortar and bind a Piece of Leather on 
che Mouth of it, then take a Cupping- Glaſs, and 
having rarified the Air by Hcat, — fix it 
on the Leather, to which it will adhere very 
ſtfongly, and the Leather will ſwell within the 
Glaſs, uſe the Air in the Mortar has more 
Force than that which is rarified within the Glaſs, 
and therefore preſſes the Leather outwards. The 
—4 on the 5 the external Air 
reſſes it down. U is Principle Cupping al- 
5 is explained; he TIC Air 1 he Bd Tai. 
fies, when the Preſſure of the external Air is taken 
away and diſtends the Skin, and makes it ſwell in 
the Glaſs. This is a Proof that there is a great 

deal of Air in the Blood. | 


Prop. XVIII. 
To fhew that the Aſcent of Fluids in Tubes after 


Suction, ariſes from the Preſſure of the eAir. 
(Plate 4. Fig. 100 

When a Man by the Muſcles of his Breaſt en- 
larges the Cavity of the Thorax, then the external 
Air finding room wherein to expand it ſelf, ruſhes 
in at his Mouth into his Lungs ; ſo chat if one 


Orifice 


4 
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Orifice of a Cube be in his Mouth, and the other 
immerſed in Water, then that Part of the Super fici- 
es of the Water, which is under the Tube, is free 
from Preſſure; and ſince the other Parts of the Su- 
| ye the Water are preſt by the ſuper-incum- 

ent Weight of the external Air, it muſt needs be 
(by Prop. 5th) that the Water will aſcend up the 
Tube, to wit, that the Parts under the Tube may 
be equally preſſed by the incumbent Water, as 
much as therreſt of the Super ficies of the Water is 
preſſed by the incumbent Air; ſo that the Preſſure 
of the external Air upon the Super ficies of the reſt 
of the Water, is the Cauſe that the Water aſcends 
— 70 30077 | 1! 
EXPERIME NT. 

Plate G. Fig. 15.] Take a Glaſs with a nar- 
row Neck but without a Bottom as C, put a Tube 
in its Neck B, and cement them; then tye a Lambs 
Bladder A to the End of the Tube within the Glaſs, 
and a large Ox Bladder D over the open End of 
the Glaſs, ſo that the Bladder may be forced in- 
_ wards and drawn outwards; when the Ox Bladder 
is forced upwards, you will obſerve all the Air 
within the Lamb's Bladder wherein the Tube - wo 

ns ſerte 


1 
ſerted will be expelled. If you draw the Ox 
Bladder outwards, the Air will ruſh again into 
the Lamb's Bladder ; after this manner Reſpiration 
is performed. The Air in the Cavity of the 
Thorax acts on the Lungs juſt as the Air in 
the Ox Bladder does on that of the Lamb's. 
If the open End of the Tube be immerſed in Ma- 
ter and the Ox Bladder drawn back, the Water 
will aſcend the Tube and fill the Lamb's Bladder. 


Vide Prop. "; bak RW 
5 Prop. XIX. 
Plate 6. Hg. 11.] The Aſcent of Water in a 


Syringe, ariſes from the Preſſure of the external 
Air. Piz. When the Tube of the e is im- 


merſed in a Veſſel of Water at q, the Piſton being 
brought to RS is left void of Air, ſo that the 
Gravity of the external Air preſſing upon the Su- 
perficies op, will make the Water aſcend in the 
Tube as high as RS, vi. that the Part of the Su- 
perficies of the ſtagnant Water at 4 may be 
preſſed by the incumbent Mater in the Sytinge 
wich the ſame Force as the Superficies o p is prelled 
by the incumbent Air. DEW 
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A Deferiptio of the Alk-PUur 
_ Which Mr. Boyle made uſe of. . 


EET Shall not give 5 Deſcription of this 
= Pump as it was when Mr. Boyle made 
uſe of it; becauſe it may be found in 

—— the firſt Part of Dr. Harri's Lexicon 
; -- wall under the Word 4 1R-P UM P. 

Plate 5. Fig. 1ſt. Repreſents the Pump with all 
its 8 aratus. 
is the Handle, which turning with the Nut 
B 1 raiſes or depreſſes a Rack A A faſtned to the 
Embolus which raiſes and falls in the Cylinder, 
that is in the Body of the Pump, and cannot be 
ſcen in this Figure, but is repreſented by the third 
Figure as it is when taken out of the Frame. 

C is a Plate of Iron ſcrewed down with four 
Screws. upon the upper Part of the Pump, with 
a Notch filed in it for the back Fart of the Rack 
to ſlide * and down in. It is alſo e in 
Fi 1 2d. 8 
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6 Fl is the Receiver open at both Ends. 
- GG is a ſmooth Braſs Plate laid on the Recei- 
ver with a wet Leather to keep out the external 
Air. | 
H is a Braſs Collar with Cork and Oiled Lea- 
thers, to let the Wire be drawn up and down 
withour admitting the Air. ee 918 

MN M is the Braſs Plate of the Air. Pump, 
on which the Receiver ſtands, with a wet Leather 
between the Plate and Receiver. | 
LL isa Board an Inch and an half thick, ſup- 
ported by the Iron Prop P which is raiſed at right 
Angles with the Side of the Pump 4 b to ſupport 
the Plate and Receiver when the Pump is made uſe 
of, ' otherwiſe it hangs down by means of the 
Hinges 4 and b. | 
Us a Braſs Pipe which lies in a Groove made 
in the Board, having a Communication with the 
Cylinder towards IT, and with the Plate Receiver 
and Mercurial Gage at N. 

R.is a Cock to let the Air into the exhauſted 
Receiver at pleaſure, which will run in from U 
to N, and ſo up the little upright Pipe into the 
Receiver. | 
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O is a Glaſs Veſſel with J in it, to receive the 
End of the Glaſs Tube or Cage NO, which has 2 
graduated Piece of Box to-ſhew how high ? riſcs, 
and conſequently how much the Receiver is ex- 


 hauſted. | 


S8 s a Board which ſupports the Veſſel O; k K 
are two Iron Screws to fcrew the Pump to the 
Floor of a Room when the Experiment requires 
the Engine to be very ſteddy. They are alſo re- 
preſented in g. 8. | 5 25 
E is a Cock to let out the Water, which muſt be 

kept at A B above the Cylinder when you uſe the 
Pump. 

| Fi. 3. Repreſents a Braſs Cylinder Cleft at the 
Bottom, for the Piſtan repreſented by Hg. 4. to 
move up and down in. This Cylinder is {crewed | 
down to the Stool of the Pump, being let 
down into the Box under AB; and there is a Ce- 
ment made of Pitch and Brick-Duſt poured hot in- 
to the Box about the outſide of the Cylinder, 
which growing hard when cold, keeps it Fred, | 
I is a Hole to receive the Screw of the Pipe X 
Y, of Hg. 7. ett od hrs 
Fig. 4. Repreſents the Rack A and Embolus BB, 
which makes up the Piſton of the Pump. 


4 


F 
2 is Braſs Plate fixed to the Rack about a 
quarter of an Inch leſs in Diameter than the inner 
Diameter of the Cylinder. 
_ ee f f repreſent three or four round Pieces of 
Sheep's Leather oiled very ſoft, about half an Inch 
more in Diameter than the Bore of the Cylinder, 
which bein 1 on immediately below the Plate 
gg. will fold round the ſaid Plate up towards A 
when the Piſton is let down into the Cylinder. 

c d is a {tiff Piece of Shoc-Sole-Leather, whoſe 
Diameter is ſo nearly equal to that of the Cylin- 
der's Bore, that it muſt but juſt flip down into the 
Cylinder without Friction. 

BB is a Braſs Plate ſcrewed on at the Bottom 
of the Rack to keep the whole Emlolus together. 

When this Piſton is let down into the Cylinder 
below the Hole T, Fig. I. the Air between T and U 
eaſily paſſes upwards by the Side of the Enbolus, 
folding the left Leather up round the Plate gg, Fig. 
4. but when you draw it from the Bottom no Air 
can get down below the Embolus, becauſe the Space 
between the Sides of the 2 and the Plate 
cd, is not large enough to let the Air fold down- 
wards; ſo that the Preſſure of tlie Air and Water 


(which always lies on the Emlolus, the more the 
ſoft 


ſoft Leather is preſſed to the Sides of the Cylin- 
der, and therefore the Paſſage downwards round 
the Embolus muſt be cloſe ſtopped and keep out 
the Air, even tho' the Bore of the Cylinder ſhould 
not be truly round, as it happens in this, which 
by long uſe was become a little Oval. | 
Fig. 7. is a more exact Repreſentation of the 
Pipe UT of Hg. l. 
Y X 1s that Part which is to ſcrew into the Cy- 
linder, having a ſquare Place at 4 to receive che 
Key of Hg. 5. which ſerves to turn all the Screws 
with its End s, or its End x. 
Fig. J. ca b is that Part of the Pipe which lies 
under the Plate that is ſcrewed on at z.. 
c is to ſcrew on the Part Y at T in Hg. 1. 
4 is a Screw to receive a Gage at the Place mar- 
ked Nin Hg. 1. It muſt have a Valve of a wet 
| Bladder at the End of the Screw b, to which the 
Cock R is to be ſcrewed, by applying the Key Q 
Fig. 5. to the {quare Place near b. Hg. 1. | 
- Fig. 6. is the Braſs Plate a quarter of an Inch 
thick, which is truly flat, having a Braſs Rim round 
it to keep the Water from ſpilling when it is 
made uſe of in any Experiment. 
P 
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P is a Hole in the Plate with a Screw to receive- 
the little Pipe that ſtands upright under the Re- 
ech i qu o ili mW 1015 
N is the Plate with the Bottom upwards, ſhew- 
ing the Screw that fills the Hole & of the Pipe of 
Ng. 7. at the Place marked N in Fig. 1. 4 


The Receiver i Exhauſted in the following manner. 


When by means of the Handle or Winch D D 
the Emlolus is raiſed above the Level of the Pipe 
UT in Fig. I. (that is above the Hole T of 8 
Cylinder in Fig. 3.) there is a Vacuum in the Cylin- 
der under the Embulus and in the Pipe TL; Fig. I. 
fo that the Valve at T being no longer preſſed, 
the Air in the Receiver eaſily liſts it up by its Ela- 
ſticity, expands it ſelf ſo as to fill the void Cylin- 
der. Then depreſſing the Embolus the Air comes 
up out of the Cylinder betwixt its Sides and the 
Embolus, and ſo comes bubbling out thro' the 
Water at AB, and raiſing the Piſton a ſecond 
time, the Air in the Receiver (tho pretty much 
rarified already) lifts up the Valve at T, and runs 

into the Cylinder with Eaſe, to fill the void Space 
under the Embolus, and then is expreſſed out as 
eee "Te. 
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before; and ſo on till the Receiver is quite exhau- 
ſed, which may be known by the riſing of ? in 
the Gage; for when it is got up to the ſame 
Height as that at which it ſtands in the Barometer, 
the er is exhauſted; becauſe the Preſſure of 
the Air being wholly taken off from that part of 
the Surface of vhich is directly under the Tube, 
the external Air will preſs upon the other Part of 
the Surface of the ſtagnant , and ſo raiſe the 9 in 
the Tube, till it makes an Æaquilibrium with the 
Weight of. the Atmoſphere. Ws 
N. B. Tho the external Air can come into the 
Pipe LT, it cannot get into the exhauſted Recei- 
ver, becauſe the Valve is ſhut the cloſer towards N 
A the more the Air preſſes upon it, being made 
only to open towards L. | 
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_ ExxgRIMENTS. of the AIR-Puur. 


I. T AY your Hand on the Mouth of a ſmall 
I Receiver, and by the Pump draw out the 
Air, and your Hand will ſwell within the Receiver; 
after a few Suctions the Air will preſs upon your 
Hand ſo that you cannot raiſe it. 
2. Tie 


* 
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2. Tie a Bladder to the Mouth of a Receiver, 
and extract the Air; then the external Air will de- 
preſs the Bladder ſo much, that a Man's Strength 
will not be able to ſuſtain ir. 

3. Invert a Receiver, and tie a Weight to the 
Neck of a Bladder over the Mouth of the Recei- 
ver, and hanging on the outſide of it; having 
drawn the Air out of the Receiver, the outward 
Air will preſs ſo on the Bladder, as to thruſt it up 
into the Receiver, and raife the Weight 
4. Take a Piece of Glaſs and put it on the 
Mouth of a Receiver, having drawn out the Air, 
the Weight of the incumbent Air preſſing on the 
Glaſs will break it. By this Experiment we prove 
that the Air preſſes every way; for in what Poſition 
ſoever the Glaſs be, it will ſtill be broken by the in- 
his is alſo proved by the ſtrong Coheſton of 
two flat Pieces of Glaſs or Marble, exactly poliſh- 
ed and ground together. As alſo by a Glaſs Reci- 
pient ſticking ſo cloſe ro the Plate, after che Fxſu- 
ction of the Air, that it requires a conſiderable 
Weight to pull it V 2?) ee e e 


. 
= 


e S | 5. In 


. 
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x 45 In the Torcellian Experiment, if the Tube 
with; the Mercury be put into a long Receiver, the 
L will fall down at the Exſuction of the Air. 
6. The ſame Experiment may be tried with Ma- 
ter in the Tube; but it is obſerved that the Mater 
will ſubſide ſo faſt as ?. 

7. If in the Tube there be left a ſmall Air-Bub- 
ble, the Bubble will expand it ſelf and fill the 
whole Capacity of the Tube, even fo much as to 
depreſs the Surface of the. Water, under the Sur- 
face of the ſtagnant Water. 

8. A flavid Bladder, after the Preſſure of the ex- 
cernal, Air israken, off, dilarcs it (lt as far as it can 
nw” ee of the Air. in a Bladder, will 
raite a Weight after the external Air is taken a- 

- A Bladder in which Weights are put to ſink 
it under Water, will riſe with its Weight after the 
Excradtion of thaexemal Ann 
. A. Piece of Cork, ro, which is tied juſt fo 
much Weight.45 29 make. it ſink all under Water ) 
_ RPA HPRct ace of &, alter the, Air is cx- 

tracted, will riſe higher ; but when you let in the 
Air again it will immediately ſink towards the Bot- 
me fi 


* 


12. Fiſhes 


„ 
12. Fiſhes in the Water in the Recipient will 
riſe to the top of the Mater when the Air is drawn 
13. A Glaſs Bubble in which is left juſt ſo much 
Mater as will ſink it, after the Extraction of the 
„„ ooo TT OTE 
14. If you draw out the Air from a ſquare Glaſs 
Bottle, the Weight of the incumbent Air will 
break it to pieces. | he RE. 
15. If you put ſuch a Bottle fo cloſely ſtopt, 
that none of the Air can get out of it Toes thc 
Receiver; after you have drawn out the external 
Air, that which is in the Bottle will ſo dilate ic (elf, 
e TOP OE TENT CO 
16. It you put two Braſs Hemiſpheres together, 
fhurring them one within the other, and 5 put- 
ting a Piece of wet Leather between them; if 
after this you pump out all the Air by the Help of 
2 Valve at the Bottom of one of tic HennlerEs 
the Air cannot retutn into them; they will ſtic 


= 


ko 


cloſely by reaſon of the external Air, that it will 
require a very great Force to pull them aſunder. 
17. If you put any Animal into the Receiver, 


and pump out the Air, the Animal will immedi- 
. f Dr 


8 2 18. If 


ately die. 
* 1 
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18. If you take a Glaſs Bottle half full of Va- 
fer, having a Glaſs Tube cemented in the Neck of 
it, one End of which is below the Surface of the 
Water, and the other being above the top of the 
Bottle, has a Braſs Top with ſmall Holes in it; if 
you put this into the Receiver, and pump out the 
Air, the Air in the Bottle will dilate it ſelt ſo as to 
preſs on the Surface of the Water, and raiſe it up in 
Spouts thro” the Holes of the Tube like a Foun- 
rain. W 
19. If you put a Vell ſo raiſed on a wooden 
Frame, that it may have room to move into a 
Receiver, and pump the Air out; then if you 
ſhake the Pump, ſo as to move the Bell, you will 
hardly hear the Sound of it. 
This is a Proof that Sounds depend on the Air. 
20. It you put a Glaſs of warm Water into the 
Receiver, and pump out the Air, the Water will 
perfectly ſeem to boil ; the Reaſon is this, w1z. 
The Elaſtick Force of the Air which is in the Ma- 
ter being increaſed by Heat, and not being preſ- 
ſed by any external Air, it endeavours to dilate it 
ſelf, and by that means makes the Water bubble 
up; this is the way by which the Air may be al- 
moſt all Extracted from the Water. 
9. 1 How 
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How to Condenſe the AI R, ſo 


that you may put what Quantity leafe 
ito Veel | * 


Plate 4. Fig. 10. F you have a Braſs Vef- 
ing | Lit ol half full 2 — | 
- — with a Hole on the to 
of it, into which you may ſcrew a little Bra 
Pipe at A, with a Cock at B, by which you may 
let in the Air; it on this you ſcrew a Syringe 
which has at the bottom a Valve, by which the 
Air forced into the Pipe may be kept from re- 
turning again; and likewiſe a Curve Tube ſcrewed 
to it at C, or only a {mall Hole and a Valse at 
the ſame Place, if then you draw up the Sucker 
of the Syringe, the Air will come in thro the Tube 
D into the Syringe at C, and the Valve will then 
hinder it from returning. If then you open the 
Cock at B, and thruſt down the Sucker, the Air 
will likewiſe deſcend into the Veflel, and by the 
Valve at the bottom of the Syringe be hindered 


from 
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from returning; by repeating this ofren, you may 
put what Quantity of Air you pleaſe into a Vel- 
jel. If then you take off the Syringe, and ſcrew 
on in the place of it a Pipe with Holes, when you 
open the Cork, the Air preſſing hard on the Water, 
will force it up to a great Height, and will ſpout 
out in Figures — — to the Holes of the Pipe. 
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Of BAROMETERS, I ner Mo- 
METERS, and HyDROME- 
TELE %z 055 1": Syn 
ls evident by what has been already 


proved, that the 5 within the Tube 
Ez gravitates as much on the Surface of 


== thc ſtagnant F. as the Air does 
on the reſt of its Surface; and that a Column of 


Air reaching to the top of the Atmoſphere, is of 
the ſame Weight with a Column of Mercury of 
the ſame Buſis, and of an Height equal to the 
in the Tube. Now if che Hir ſhould grow 
heavicr, and preſs more on the Surface of the ſtag- 


nant 


on] 
nant 2, then the in the Tube muſt riſe higher, 
that ir may be equal in Weight to a Column of 
Air of the ſame Baſis, reaching to the top of the 
Atmoſ! phere. 5 
Hence it follows, that the Height of the in 
the Tube may be fitly applied to meaſure the 
Gravity of the Air, and on that Account an In- 
ſtrument filled to that Purpoſe is called a B A. 
RO METER 
Sometimes 2 riſes Thirty Inches, ſometimes it 
ſtands at Twenty-nine, ſometimes at Twenty- eight, 
ſometimes it will ſink to Twenty: ſeven, = ſel- 
dom under, and of conſequence the Gravity of. 
the Air muſt alter proportionably. | 
Since Gravity is always proportionable to what 
the Matter weighs, it is impoſſible that the Air 
ſnould change its Gravity, without changing its 
Quantity of Matter; and therefore ſome have 
thought this Difference of the Airs Gravity to 
proceed from its being more or leſs over- charged 
with Vapours ; if this were the Caſe, there muſt 
be as many Vapours in the Air at a time, as are. 
equal to Three Inches of 2, for ſo much we find. 
the g. riſes or falls. 


|. 
| 
| 
: 
| 
| 


VP. G. It the Wind (whic 


l 
Now ep is about Fourteen Times heavier than 
Water, and conſequently there muſt be in the Air at 
once, as many Vapours as will equal in length a 
Column of Water of Forty-two Inches high, and 
whoſe Baſs is equal to the Surface of the Earth; 


which is more than falls down in Rain during a 


whole Year; for a whole Year's Rain does not fill 


a Veſſel above Fourtcen or Fifteen Inches high, 
as is obſerved in the Hiſtory of the Royal Society 
at Paris. n 

The Reaſon then why the Air is heavier at one 
time than another, ariſes from their being more 


Air in that 2 of the Earth's Surface, where the 


Air grows heavier, and RR from Minds. 
is nothing but a 
Stream of Air) ſhould blow over any Place, and 
the Air thus moved ſhould be kept in that Place 
by Mountains or Hills; or if two contrary Winds 
ſhould blow on the ſame Place, the Air would be 
heaped up in the Middle, and conſequently there 
being more Air, its Gravity will be increaſed ; but 


if a Wind ſhould blow over a Country, the Ar 


which is over that Place will be leſs in Quantity 
and SERINE lighter. Hence it is plain, that 
Winds are the only Cauſe of the Air's Gravity, 
| When 
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When the Air is heavy, the Sun acting on the 
Surface of the Water raiſes the Vapours * it; 
theſe being raiſed are ſpecifically lighter than Air, 
and conſequently they muſt riſe higher, till they 
come to an Air of the ſame Specifick Gravity 
with themſelves, where they will reſt ; and a vaſt 
Collection of theſe Vapours from Clouds, ſo 
long as the Air continues heavy, the Vapours will 
be ſuſtained, and the Weather will be Fair. But 
if the Air turns lighter, the Vapours which were 
in Æquulibrio with it before, will now preponde- 
rate, and conſequently deſcend; in their Deſcent 
being continually checked by the great Reſiſtance 
of Air with which they meet, they will be con- 
denſed; this Condenſation will ſtill grow more 
and more, till at laſt they are formed into Drops 
of Rain. ih b NO MAE 
Hence it follows, that when the $ in the Tube 

is high, then the Weather will be Fair, and when 
it falls low, the Vapours then not being ſuffici- 
ently ſuſtained by the Air, muſt alſo fall, and the 
Weather will be rainy, and the Rain more or leſs: 
according as the Mercur) riſes or falls in the 
Tube. | * YI 


1 1 DPD pon 


| 
; 
4 
N 
q 
| 
4 


[ 139 ] 

Upon this Principle common Weather-Glaſſes 
are made; but to makethe Change of the Air's 
Gravity more vifible, ſeveral Inſtruments have 
been contrived. = 
Plate 2. Fig. 21.] The Wheel-Barometer which 
conſiſts of a Necur we Tube A B CG E filled 
with E, the Gravity of the Air preſſing on the 
Surface E, there ſwims a Leaden Ball tied to a 
String, at the other End of which there is allo ti- 
ed a Weight, and the String runs on a Pulley ar 
C, to which there is an Hand or Index applied, 
which moves along with the Pulley; and a large 
Piece of Braſs BF GE divided into any Num- 
ber of equal Parts, marked 1, 2, 3, Cc. When 
the 4 falls at B it muſt riſe at E, and conſequently 
raiſe the Ball with it, whereupon the Weight at 


D will deſcend lower, and draw the String with it; 


and by this Motion che Pulley being turned, the 


Hand wil ſhew the leaſt Variation of the Air. 

This was invented by Dr. Hook ; but this Inſtru- 
ment has! one Inconvenience which makes it al- 
moſt uſeleſs; for in damp Weather tlie String to 


uhich the Weights are tied, is contracted; and in 


dry it will grow longer; by this Motion it will 
move the Hand, when in the mean time the 2 
—_— has 
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has neither fiſen nor fallen. A Watch String will 
do better with an Tron Ball inſtead of 2 Leader 
one, which would be eaten up by the . 

Plate 6. Fig. 18.] 2. HUGENS contri- 
ved another Inſtrument after this manner. A B C 
DEF is a Recurve Tube, ſo made that the two 
Parts of it A B and DE have a much greater Ba- 
ſis than the reſt, the Tube being filled with 2, the 
Gravity of the Air preſſing on che Surface at G, will 
ſuſtain the 5 to the Height A B, the Parts A B and 
DE being of an equal Height; if the 4 fall an 
Inch at A B, it will riſe as much at DE. Thro' 
the Orifice M on the Surface D E is poured Oil 
of Tartar per Deliquium, or Spirits of Wine, or 
ſome other Liquor that will not Freeze, to rhe 
Height F. Now when the ? riſcs at DE but an 
Inch, it will raiſe the Liquor which is poured into 
the Tube KI an Inch; and the flender Tube M P 
being of a much leſs Baſis than the Tube KI, it 
muſt riſe higher in M P. Thus if the Baſis D E be 
ten times greater than O P, for one Inch ifiat the Li- 
quot riſes in the Tube K I, it will rife ten Inches 
in the ſlender Tube MP. If 2 falls one Inch in 
che Tube A B, the Liquor will riſe ten in MP. 


3 | This 
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This Sort of Barometer has alſo an Inconveni- 
ence, which is, that as the Weather is Hot or 
Cold, ſo the Liquor in the Tube M will di- 
late or contract it ſelt, and conſequently riſe or 
fall; whereas the 5 continues Gil the ſame 
Height. 2 9 

3. Since in a Tube keeps always the fame 1 
Height, however the Tube be inclined; the beſt 
Contrivance for a Barometer ſeems to be this. 


' ABC is a Tube (Plate 6. Hg. 3.) bended as in 


the Figure; B C is about Twenty-ſix Inches long, 
and A B ſo inclined that it may be Fifteen, where- 


as the L A E would not be above Five, according 


to the Structure, for every Inch the g riſes in the 
ordinary Tube, it will riſe Three in the inclined 
one A B. 11 ths . 
As B ARO METER ſhew the diffe- 
rent Changes of Air, as to Gravity and Levity, 


whence we eſtimate Fair and Foul- weather; ſo 
Thermometers are made uſe of to meaſure the va- 


rious Temperature of the Air, as to Heat and 
Cold; to diſcover which there are ſeveral Inſtru- 
ments contrived. : | 
Plate 6. Fig-13-] 1. The Firſt is almoſt in the 
Form of a Barometer, only the upper End of - 
& | Tu 
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Tube ends in a large Glaſs Ball. This Ball is hea- 
ted by putting near the Fire, ſo that the Air in it 
will be rarified, and ſomewhat expelled by Heat; 
then immediately the Neck of the Tube is to be 
immerſed in ſtagnant Water, which ſhould be tin- 
ged with ſome Colour that it may more caſily be 
perceived. As Air in the Ball A begins to cool, 
it being more rare and leſs compreſſed than the 
external Air, the Water in the Veſſel will be im- 
pelled up into the Tube to B, by the Force of 
the external Air, and ſo compreſs the Air in A as 
much as the external Air is compreſſed. Now if 
the Air in A be afterwards again more heated, it 
will endeavour to expand it ſelf, and fill up a 
greater Space, and ſo preſs the Water down ; but 
when it grows cooler it will be contracted into a 
leſs Compaſs, and the Water will again aſcend; 
ſo that when the Water in the Tube deſcends, the 
Air is hotter, and when the Water aſcends, the 
ds cooler. See rel 15 

Plate 6. Fig. 1.] 2. The ſecond Kind of 
THERMOSCOPE is by a Recurve 
Tube, thro' the Orifice of which at D, the tinged 
Water is poured, and fills up the Space B C, com- 
preſſing the Air in the Clobe A „in which, _ 
1 | 07 © 


—_ 
the Air grous mote hot, it expands it felf and 
takes up the greater room by preſſing the Mater in 
the Tube upwards to D; and when the Air is 
cooled, it is again condenſed, and the Water falls 
down; ſo that the riſing of the Water denotes its 
Heat, and the falling the Coldneſs of the Air, 
contrary to what is done in the fitſt Sort. 
Plate G. Fig. 12.) 3. The third Sort is in this 
Faſhion. Thro' the narrow Neck of a Glaſs Bot- 
tle filled with Water, is put a long Tube open at 
both Ends, the lower End of which is immerſed 
below the Water; after having fixed the Tube with 
Cement, ſo that there can be no Communication 
between the external Air and that in the Phral, Air 
is blown ſtrongly thro' the Tube, by which the 
Air in the Phial is compreſſed; and therefore it 
will preſs the: Water up to D; and if the Air al- 
ways continues in the ſame Tenor as to Heat and 
Cold, the Water would always continue in the 
ſame Station; but when the Air in the Phial 
grows hotter,” it will endeavour to cxpantþ it ſelf, 
and preſs more ſtrongly on the Surface of the Wa- 
ter, and raiſe it higher in the Tube. | 
In theſe Sorts of Thermometers, and all others 
which have any Communication with rhe external 
ooh Air, 
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Air, the — * will not only be raiſed or depreſ- 
ſed by the Change of Air, as to Heat or Cold; 
but alſo to any Alteration as to Gravity or Levi- 
ty; and conſequently the Temperature of the Air 
as to Heat and Cold may remain, when neverthe- 
lefs the Height of the Water may be confiderably 
altered. - FITS -: TE OE Be. 5s N OEMS. S457. x; 

Plate 6. Fig. 5.] 4. This Sort of T HER- 
MOSCOPE is not liable to the ſame Incon- 
convenience. It is a long Tube with a Glaſs Ball 
at the End of it, which being filled with high | 
and rectified Spirits of Wine half up to D, the re- 


maining empty Part C is conſiderably heated, that 
the Air may be expelled; after this the top of 
the Tube is to be immediately Sealed Hermetical- 
ly, ſo that the Air may nor re. enter the Tube; 
then the Rarefaction and Condenſation of the 
Spirits of Mine, by which it riſes or falls in the 
Tube, according to the Degrees of Heat or Cold, 
ſhew che Temperature of the Air as to Hear and 
Cold. | A 

Plate 6. Fig. 14.] 5. Another Sort of Ther- 
moſcope is thus contrived,” A and B arc two Cy- 
lindricat Glaſs Veſſels joined to the Recurve Tube 
DGE; the upper Part of the Veſſel A is void of 
a | Air, 


{ 


, TW) 
Air, and the reſt is filled with gy, as in the Tory;- 
" cellian Experiment, and the ; riſes half way in the 
au | Veſſel B. On the Surface of the g, there is put 
in a Tube ſome tinged Liquor, or rather Oil of 
Tartar per Deliquium, which will not Freeze, 
| which reaches upto D, to the End of the Tube 
* BK; a Glaſs Globe C full of Air is Sealed on 

| Hermetically, to prevent Communication with the 
| external Air. In this Thermometer, when by the 
| Cold in the ambient Air, the Air C is cooled and 
condenſed ; the. f will by irs own Weight ſubſide 
| in A, and riſe higher in B, and conſequently im- 
| pet che Liquors up into the Tube B K ; and if 


e Baſis of the Cylindrical Veſſel A and B be ten 
Times greater than the Baſis of the Tube B K; when 
the J falls one Inch in A, or riſes one in B, the 
Liquor will riſe ten Inches in the Tube B K; alſo 
if the Air be heated in C, and rarified, it will by ex- 
panding it ſelf, make the deſcend in B, and riſe in 
A ; ſo that the ſmalleſt Variations as ro Heat and 
Cold are thus ſhewn by the Aſcent and Deſcent of 
che Liquor in the Tube B K. 

To meaſure the Moiſture and Dryneſs of the Air, 
we uſe an Inſtrument called an HT D R-O ME. 
TE R of which there are two or three Sorts. "0 

5 i 775" Fr NT 
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2 Fig. 11.] 1. The Firſt is made by a 
Force-Balance, in one of the Scales of which i8 
put a Piece of Spunge, and in the other a Weight 
to Counterpoiſe it; the Spunge in damp Weater 
imbibes rhe Moiſture and grows heavier. In dry 
Weather the Moiſture being exhaled, the Spunge 
becomes lighter: And ſo by the Motions of the 
Examen we find the Alteration of the Air, in re- 
ſpect of its Humidity. To make the Variations 
e more ſenſible, the Examen of the Balance is 
made very long, which paſſes on a circular Arch 
of Braſs divided into Degrees, marked 1, 2, 3, 
c. According as the Ene of the Examen is at 
wy of theſe Degrees, fo we judge of the Wea- 
ther. N , 
Plate 6. Fig. Z.] 2. Another Sort is contrived 
after this manner. To, a Rope or Cat's-Gut, a 
Cylindrical Weight is tied ; in damp Weather the 
Rope by twiſting it (elf will contract and pull up 
the Weight, andf in fair Weather lets it ſink farther 
down. To make the Variations more ſenſible, 
the Cylindricat Weight being about fifteen or ſix- 
teen Inches round, 4s divided into thirty or forty - 
equal Parts, marked 1, 2, 3, Cc. To prevent its 
being injured a Glaſs is pur over it, thro' which 


the 
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the String paſſes at A; this Glaſs is covered with 
Brown or Blew Paper, except one {mall Hole, 
thro which the Figure on the Side of the Weight 
may be ſcen. Now the twiſting or untwiſting of 
the Rope, according to the Variation of the 
Moiſtneſs of the Air, will always preſent a new 
Figure to the Hole. 
Plate 6. Fig. 17.] 3. A third Sort of H V- 
DROMETE R s made wich the Beard of a 
wild Oat, or the Husk of a ſmall Yetch, which in 
dry Weather twiſts, and in wet Weather untiſts. 
One End is faſtned to the Bottom of a Box, the 
other cames thro an Hole in the Lid, and has an 
Index adapted to it, ſo that the Motion of the. 
Hand or Index on the Top of the Box ſhews. the 
Variation of the Moiſtneſs and Dryneſs of the 
Weather. ; inte viele 


— ͤ v— —ä6—ä̃ ëͤu 
; 


= 
. 


7 


+ * 


ID 
MY 


— 
— 


> = 
N 


[ 147 J 
20000000000000209900220002002000 
Fro FF 


DEFINITIONS. 


AT S of Light are thoſe which are 
a fied every way in ſtrait Lines thro 
rl the ſame Medium, and ſpread then- 
ſelves conftantly after the ſame Tenor, 
as long as they continue in the ſame Medium. 
2. A Radiant is that, from whoſe Points Rays 
diſperſe themſelves every way. or 
3- Diverging Rays (Plate 7. Fig. 3.) are thoſe 
which meet in 4 Point oppoſite to the Direction of 
their Motion, or thoſe Rays which 2 themſelves. 
rol that manner, as if they had all come from one 
oint, whether they really came from that Point or 
not. As the Rays B D going from B to D, are 
ſaid to diverge from the Point C, whether they actu- 
ally come from it or not; for th they ſhould come 
from A, they are ſaid to diverge from C, becauſe 
if you produce them from J till they meet ina Point 
oppoſate to the Direction of their Motion, that Point 
will be C. TAE” 4- Con- 
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4. Converging Rays are thoſe which meet, or being 
produced, meet in a Point towards that Part whither 
the Direction of the Motion tends. As the Rays 
DB _ aid to Converge towards C, whether the) 
meet in C, or after Refradtion thro the Glaſs EE, 
they go on Parallel to the Line A CD. 
5. The Focus 18 that Point where the Rays 
meer. | | 
6. Parallel Rays are thoſe which come from a 
Point at a great A from us, and contain but 
a very (mall Angle one with another, as from the 
Sun. | | 


. Rays are ſaid to Reflect, when they are turn- 
ell backward in the ſame Medium. | 
A real Focus is the Place where the Rays actual- 
ly meet, as (in Fig. 5.) the Point B where the 
; D meet, after they have paſt the Glaſs CC, 
and the Point A, where theſe converging Rays 
wou'd meet, if there was no Glaſs at C 8 , ts called 
the Imaginary Focus. N 

Fig. 8. Plate 7.] In a Concave Mirror, if e 
be an Object, E will be the Focus of the Rays, 

which having diverged from the Object, and fal- 

len upon the Concave Mirror, are by Reflection 
made to Converge at E. . has 
| -——_ ehe 


* = 


_— | 
Plate 7. Fig. 3.] A Concave Claſs tranſmit- 
ting Light, has no real Focms of parallel Rays, le- 
cauſe after they have paſſed the Glaſs they diverge | 
from one another, as the Rays A after they have 


paſſed the Glaſs E aryerge towards D, but the 


Point C «called the Vertical Focus of the Concave 


1 4 

S8. The Angle of Incidence, is that which is con- 
tained under the incident Ray (Fig. 2. Plate 7.) 
and the I to the Plane of the Point of Incidence, as 
ABC. 

9. The Angle of Reflection is that which is con- 
tained under the reflected Ray, and the ſaid L as 
the Angle D B C, ſometimes A B E, and DB F 
are called the Angles of Incidence and Reflection. 


TU EOREME. 


Dye Angle of Incidence is always equal to that 
of Reflection. This i confirmed by Experience, 
and has been ſeveral ways Demonſtrated by Ma- 

' thematictans. Sy | 
10. Specula, or Mirrors, are thoſe which by re. 
flecting of the Light form Images of external Ra- 


aiants. 


THE- 
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AYS coming from a 
| Point A, and falling 
on a plain Mirror B C, after Reflection diverge 
from the Point a, which is in the I as far behind 
the Glaſs, as the Radiant is before it. For becaulc 
AB is equal to 4 and B, and D Bis common to 
the Triangles A BD and 4 BD, and the Angles 
at B are cqual, the Angles A DB and a DB will 
be equal, per 4th El. I. But by the 15 of the 
fame, the Angles D A Band G D Care equal; there- 
fore, if A D be the incident Ray, G D will be the 
reflected. After the fame manner it may be ſhewn 
that ¶ E is the reflected Ray of the Incident A E and 
RF of AF; and therefore all the reflected Rays, if 
produced, will meet at a. If the Eye was placed at 
H, it would receive the Rays which come from A, 
and are reflected at the Surface B C, as if they had 
really come from 4, and conſequently the Eye will 
be the fame way affected as if it came at O, Fe. 4. 
and received the Rays coming from A; and 
therefore the Eye at H will ſee the Image of the 
Point A at 4. Es 

Fig. 6. 


Plate 7. Fig. I. or 4] 
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Fig. 6. Plate 7.] Since the Image of every 
Point is as far behind the Glaſs as the Point is before 
the Glaſs, the Image mult be the ſame way inclined 
to the Glaſs as the Radiant is. So the Image of 
the Point A muſt be at 4, and the Image of the 
Point E muſt be at e. | 
Hence it follows, that if the Glaſs lies horizon- 

- rally, Objects will have their Images inverted, and 
Men will appear with their Heads downwards, as 
when we look in the Water. | 

What has been ſhewn of the principal Radiants, 
is alſo true of their Images; for they may be conſi- 
dered as Objects which ſend Rays; and therefore 
if there be another Glaſs to receive theſe Rays, 
there will be another Image formed within that 
Glaſs, and ſo that Image will {till have another I- 
mage, c. From whence ariſes the Multiplicati- 
on of Images by the help of two or three plain. 
Looking-Glaſſes. 2 

Plate 7. Fig. 7.] Suppoſe two Looking -Glaſ- 
ſes B CE F, let the Radiant be A, whole Image by 
the Glaſs B Cis 4; this Image being conſidered as. 
a Radiant, will ſend Rays to the Glaſs E F at a, 
and this Image will- likewiſe have its Image in the 

Glaſs B Cat G, and ſo you may multiply Images 

3 | | | as. 


. 

as far as you pleaſe. If GDHEKF (Hg. 4.) be 
incident Rays, their reflected Rays will be DA, E 
A, FA, 4.e. if Rays be converging to the Point 4, 
there to form an Image ; and there be interpoſed a 
plain Speculum B, they will reflect to the Point 
A and Form an Image there. Experience anſwers 
to this exactly. F vs 

Fig. 9.] Take common Reading or Burnt 
Glaſs E, and put the Radiant at A. Let the Place 
of the Image to be formed be a, put a Looking- 
Glaſs at BC, anda Man's Eye at O will 2452 
Image at à in the Air between him and the Glaſs; 
for by the e the Rays coming from 
a Point in the Radiant A are made to Converge to 
a correſpondent Point in the Image a; but by the 
Looking-Glaſs they are intercepted and reflected, 


therefore they will be turned another way, and 
thoſe that went from one Point at A will meet 


- with another correſpondent to it at a, where they 
will form an Image. TIL 
In Concave Spherical Mirrors the Image of any 
Point is always in a Line paſting thro that Point 

and the Center. * 
Plate 7. Fig. 10.] Thus the Image of the Point 
E will- be at e, the Image of F at f, and the Image 
of Gat g. | | Hence 
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Hence it follows, that if the Image be in the 
Air before, it will appear inverted. The Reaſon 
why the Image is formed, is, becauſe all the Rays 
which come from the Point E, and falling near the 
Vertex of the Mirror, reflect ſo, that they will 
meet at e, whence they diverge, forming at e the 
Image of the Point E. After the ſame manner 
thoſe which come from F after Reflection meet a- 
gain at f, and there form the Image of Ff. 
If the Radiant approaches the Glaſs, the Image 
will recede from the Glaſs, and at the Center of 
the Sphere they will both meet. Fa. 
If the Radiant approaches till nearer, the J- 
mage will go out beyond the Center; and when 
the Radiant comes to be at the diſtance of a quar- 
ter of the Diameter from the Vertex, the Image 
will be out at an infinite diſtance. When the Ra- 
diant comes nearer to the Glaſs than a quarter of 
the Diameter, the Image appears behind the Glaſs, 
and erected. If the Mirror be Convex, the I- 
mage of an external Radiant is always behind the 
Glaſs. g's „ XY | 
Plate 7. Fig.'8, ] The Magnitude of the I- 
mage may be known from this; that it always ap- 
pears under the ſame Angle from the Vertex of 
| X thc 
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the Speculum that the Radiant does, and conſe- 
quently they will have the ſame Proportion one 
to another as their Diſtances from the Vertex have; 
and therefore if the Radiant be farther off than 
the Diſtance from the Glaſs, ir will be bigger than 
the Image, if at the ſame Diſtance at the Center 
they are cqual ; if the Image is farther off than 
the Radiant from the Glaſs, it will appear bigger 
than the Radiant. Sce the Figure where E may be 
the Radiant, and e the Image; or e the Radiant 
and E the Image. . 


N. B. The Focus or Point where the Image it 
formed, is the middle Point between the Vertex and 
Center of the Speculum ; in all theſe Caſes where 
the Radiant i ſupported at an infinite Diſtance, 
as the Sun, and the Rays ſent from it are reckoned 


asParallel. 
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FBRSHEN a Ray of Light comes out of one 
Medium into another, it changeth its Di- 
==] cction. This changing of the Direction 
is what we call Refraction. . 5 

Plate 7. Fig. 12.] The Angle of Kefraction 
is comprchended under the retracted Ray, and a 
1 drawn to the Surface of the retracting Medium, 
at the Point where the incident Ray falls on the 
ſame Medium as the Angle HD K. It the Ray of 
Light goes into a thicker Medium, it comes ncarer 
to a I; if into a thinner, then it recedes from the J. 

Ng. II.] There are ſeveral ways to ſhew this 
by Experience. J. C. Take a Baſon, into which 
put a Piece of Money at A, and then recede ſo 
far back, that the Sides of the Baſon may inter- 
cept the Sight, ſo that the Light cannot come in 
a ſtrait Line from A to the Eye at D; if Water be 
afterwards poured in, the Money will be ſcen; for 
the Ray AB when it comes to the Surface of the 
A 2 Air 
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Air at B, changeth its Direction, and goes off in 
D B, and ſo enters the Eye. 

Hg. 12. Plate a Suppoſe the Medium E C 
to be Air, HK Glaſs or Water, and AB the Sur- 
face of the Medium HK. Let E D be a Ray of 
Light, entering the Medium ar D, as the Angle E 
DC is the Angle of Incidence, ſo is HD K the 
retracted Angle, and the Sides of theſe Angles 
have always a certain determinate Proportion to 
one another; and if you take ſmall Angles, they 
themſelves are always in this Proportion. It EC 
be Air, and H K Glaſs, the Angle ED C is to H 
D K, as 3 to 2. It EC be Air and HK Water, 
the Proportion between the Angles ED C and H 
DK 1s as 4 tO 3. | | 
Hg. 13.] To ſhew Refraction more plainly, 
take a common Burning-Glaſs, and cover it with 
Paper, in which let there be two Holes, thro' which 
the Light is to paſs at Band C, then put a Candle 
at A; the Light paſſed thro' without bending 

the Rays coming thro the Holes B and C, ought 
to diverge farther and farther from one another; 

but we End that if the Lighe be received on a 
Piece of Paper, the Rays converge one to another; 
when the Paper is at I, the Light falls ar GK; 
when 
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when it's removed farther, the Rays fall at D E ncarer 
one another, and when the Paper is removed to E, 
there the two Lights coincide and then diverge a- 

ain. 

Plate 8. Fig. g.] Suppoſe G H Water, I AF 
Air, the Rays coming our of Water into Air are 
retracted, ſo that thoſe which came from the Point 
E, ſeem after Refraction as if they had come from 
C, and enter the Eye at I A, as if they had all 
come from that Point. So that CE is a quarter 
of BE. I | 

Fig. 3. Plate 8.] Hence when we look on an 
Object in Water, it appears a quarter nearer the 
Surface than it is; and on the fame Account an 
Oar in the Water will appear bent, for the Point 
A will appear higher, zz. at B, and the Point C 
at D; ſo that the Oar in the Water inſtead of be- 
ing ſeen in the Poſition F CA, will be (cen in that 
of F DB. | | 

Plate 10.. Fig. 6.} If the Object A be ſeen 
thro' the Priſm G H, by the Eye at P, it will ap- 
pear as if it was at C; for the Rays falling from 
A obliquely upon the Surface of the Priſm at H, 
are refracted towards the 1 E (becauſe they go 
from Air into Glaſs) and would go on ſtill in 


the 
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the Direction H & if they continued to move in 
Glaſs, but emerging out of Glaſs into Air, they 


are retracted from the I to FE, and going on in the 
Line D G, enter the Eye as if they came directly 
ens, e 0447 $6 WITS 
If che fame Object be ſeen ithro' a Medium 
which terminated by many plain different Surfaces, 
it will appear to be multiplied into as many as 
there are Surfaces, for thro' every Surface the Ob- 
ject is ſeen in a different Place; and conſequently 
as many Surfaces as there are, ſo many diſtinct Ob- 
jects will appear. The Rays which come from 
the Objects thro' theſe different Surfaces of the 
Glaſs forming the Images therein on different 
Parts of the Retina. 92; = 
A Lens is a Glaſs which is terminated by two 
Spherical, or one Plain and one Spherical Surface. 
_*©- And it is Convex on both Sides, or Convex on 
one Side, and Flat on the other. So a 
Concave on both Sides, or Concave on one 
Side, and Flat on the other. 
Or a Meniſciu, that is, Concave on one Side, 
and Convex on the other. 
Plate 10. Hg. 5.] When Rays diverge from a- 
. ny Point of an Object, and ſpread themſelves c- 
2 very 
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very way, if then you expoſe a Convex-Lens to theſe 
Rays, they will form a Cone, whole Vertex is at 
the Point of Divergence, and Baſle at the Lens; as 
the Rays which diverge from A, and fall on the 
Glaſs CD; when theſe Rays pals thro' the Glaſs 
they are all refracted (except that which falls at E 
on the Middle of the Clay and mecting again at 
the Point B, form another Cone whoſe Baſe is the 
Glaſs C D (on the other Side) and Vertex at B: 
This Cone together with the other Cone is called a 
Pencil of Rays, and A E Dis the Axis of the Pen- 
cil, or a Line drawn from the Point of Diver- 
gence on the Side of the Glaſs, ro the Point of 
Divergence on the other. There are as many Pen- 
cils 5 Rays thro' a Glaſs as there are viſible Points 
in the Object, and tho the Axis of the oblique 
Pencils ſuffer ſome Refraction in paſſing obliquely 
thro' the Lens, yet they are not to be looked up- 
on as refracted, becauſe after they have paſſed the 
Glaſs, they go on in a Line H, Hg. 5. to the 
Line in which they moved before they entered it, 
and the thinner the Glaſs is, the more inſenſible is 

that Refraction. 
Plate 8. Fig. I.] Aa, Bb, Cc, repreſent 
three Pencils of Rays paſſing thro' a double Con- 
Vet 
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vex-Glaſs. When the Object AB C by means of 
a double Comvex-Glaſs has its Image projected at 
at h ca; the eAngles which the Axis of theſe Pen- 
cils that come from the Extremities of the Object 
make with the Middle of the Glaſs, determine the 
Magnitude of that Image; and the Place where the 
Pencils of Rays terminate on theſe Axes, is called 
the Diſtinct Baſe, becauſe there only is the moſt 
Diſtinct Image of the Object projected. 

Plate 8. Hg. I.] By the former Experiment it 
was ſhewn, that the Light which comes from a 
certain Point in the Candle, placed at a due Di- 
ſtance from the Claſs or Lens, was made by Re- 

fraction to converge and meet at a Point; there- 
fore if there be an Object placed before the Glaſs 
at ABC, all the Rays which come from the Point 
A will after Refraction be made to converge at 
the Point 4, and all the Rays which come from B 
will after Refraction meet at h, and all the Rays 
which come from C will be retracted to c; and it 

the Eye be at 4, it will receive the Rays diverg- 
ing from the Points abc, the ſame way as if it 
had received the Rays directly coming from the 
Principal Radiants ABC; and therefore the IL 
mage will be formed at a h and. inverted. 1 
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If a piece of Paper be placed at ab c, the Rays 
will thence be reflected by the Paper, and will 
Point on the Paper the Image of the Radiant. 
The Image and the Radiant have always the 
ſame Proportion the one to the other, that their 
Diſtances from the Lens have; and therefore if 
the Image be farther from the Lens than the Radi- 
ant is, it will be bigger than the Radiant is; if 
nearer it will be leſs. If the Radiant at ABC be 
brought nearer to the Lens, the Image will recede 
farther from it; and it may be brought to ſuch a 
determinate Diſtance, as to caſt the Image as far 
from the Glaſs as may be required to magnitie it 
to any given Proportion. It the Glaſs be equal- 
ly Convex on both Sides, and the Radiant placed 
at a Semidiameter's diſtance from the Lens, the J- 
mage is caſt out at an infinite Diſtance ; and it the 

Radiant be placed at an infinite Diſtance, the Image 
is at a Scmidiameter's diſtance from the Lens. © 
Ik the dun be the Radiant which is at an infinite 
Diſtance, and the Glaſs be — broad; in 
the Place of the image there will be a Flame, 
which will burn very intenſely, becauſe all the Rays 
which come directly from the gun, and fall on the 
broad Lens, are by Refraction brought into a ſmall 

Space to form the Image. * Plate 


—_— - 
Platt 8. Hg. It at the Place of the Suns 
Image (which i tometimes called the Fucus of pa- 
rallel Rays, or lometimes ſimply the Foxes): there 
be placed a Lucid Body, as a Candle or Lamp, 
the Rays, after Refraction thro the Lens, will go 
out parallel and not diverge from one another; 
and the Light not ipreading, will continue in the 
ſame Intenſeneſs at all Diſtances, and conſequent- 
Iy it will illuminate Objects at a diſtance. On 
this Principle Conuex-Lanthurns are made. 

If the Radiant be nearcr the Lens than the Fo- 
cus of parallel Rays, the Image will not be ſeen 
on the other Side of the Lens, but on the ſame 
Side that the Radiant is, only farther of, and not 
inverted, but erect. CO 
_ fig. 5.] Suppoſe ABC a Radiant nearer to 
the Lens than the Fucus of parallel Rays, all the 
Rays which come from the Point, A, will enter the 
Eye at E, as if they had come from the Point 4 ; 
and all the Rays which come from B and C will 
ſeem to have diverged at firſt from & and c; and 
ſo the Eye will {ce the Object not at ABC, but 
at 4 he; and becauſe the Angle DE D is the ſame 
with 4 Ec, the Object will be ſeen magnified, 4 b 

being greater than A)... . 
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If a Room be darkned, and only one Hole 
made in the Window to let in the Rays which 
come. from external Objects, and in the Hole 
there be placed a Convex Lens, this Lens will form 
the Images of all external Objects that are before 
it; and if at a diſtance therè be put a Piece of 
white Paper, the Images will be received on it, 
and they will all appear inverted: The Reaſon of 
which follows plainly from the former Principles; 
for all the Rays which come from any one Point 
of the Object, will by Retraction be made to 
meet at one Point on the Paper, and thence they 
will be reflected again; and the ſame thing is true 
of my other Point: So that the Image of every 
Point thus pur together on the Paper will ſhew the 
tmage of the radiant Object in the ſame Colour 
the Object is of, becautc every Image is formed 
by the very ſame: Rays, and of the very tame At- 
fection as to Colour, as they . which come from 
the Objects are. The Objects being much farther 
from rhe Lens than the Images are, theſe muſt be 
much leſs, and the nearer the Object is to the 
Leus, the Image will be the farther from it, and 
appear the bigger. | e 

1 2 It 
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If the Object move, the Image will alſo ſeem 
to move; provided it do not move directly to- 
wards the Lens. By this Principle the Proſpect of 
Places may be taken. | 
Plate 7. Hg. 14. ] The Appearances of the 
Magick Lanthorn differ but little from thoſe: of 
the dark Chamber. The Lanthorn has two Con- 
vrx- Claſſes at A and BB, and a Lamp burning; at 
F there is a Slit made to hold a long Piece of 
Wood D C, in which are cut ſeveral round Holes 
to hold the Pictures which are of painted Glaſs ; 
and the Flame of the Candle or Lamp E being 
great, a conſiderable Quantity of Light falls on 


the Pictures, and paſſing thro! the two Lens's, 
will form the Images of theſe Pictures on the op- 
poſite Wall: The Pictures being much nearer to 


the Lens than their Images on the Wall, the Images 
will be 3 larger than the Pictures, ac- 
cording as the Wall is diſtant. If by pulling our 
the Tube in which the Lens B is fixed, you make 
the Diſtance from the Pictures greater, the Di- 
ſtance of the Images will be leſs, and conſequent- 
ly the Images themſelves will be leſs in propor- 


Plate 
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Plate 8. Rg. 13.] A Concave Lens forms the 
Image on the ſame Side that the Radiant is, but 
much leſs and nearer it. For if the Object BA 
be put before the Lens E F, it will be ſeen by the 
Eye at C, in the Poſition 4 b, and by conſequence 
leſs than the Object; tor the Ray A E falling on 
the Lens at E, is retracted into g E, and comes 
nearer to the I, and the R) Eg coming on the 
Convex Surface of the Air at g, will be refracted 
into g c and recede from the L: So that the Rays 
AB will enter the Eye at Cor c, as if it had come 
directly from 4, and not from A. So that the Eye 
being at C, and receiving the Rays coming from 
A and B, will be the ſame way affected as if they 
came from à and B. After the ſame manner the 
Rays which come from B will enter the Eye at C 
as If they had come from &, ſo that the Eye will 
ſee the Object B A at BA ncarer to it, and alſo 
much leſs than it really is. 

Plate 8. Fig. 8.] The ye is a Lens contrived 
by Gop to project the Images of external Ob- 
jects on the Retina; and then it is that we ſee di- 
ſtinctly, when thoſc Images arc diſtinctly painted 
on the Retina. Immediately under tlie firſt Coat 


of the Eye, which is called- the Tunica Cornea, A 
| B. 
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B, there's an Humour of the ſame Conſiſtence with 
Water, and is called the Aqueous Humour E F. 
In the Middle of this there ſwims another Mem- 
brane, called the Uwvea CD, which is opaque, 
and lets no Light paſs thro' it, but as pertorated 
at CD, and the ſmall Hole is called the Pupilla ; 
ſo that all the Light which forms the Image muſt 
paſs thro that Hole. Next to the watery Humour 
js 2 conſiſtent Globe, which is called the Chri- 
ſtalline Humour K, and behind this is placed the 
vitreous Humour H G, which is not conſiſtent as 
the Chriſtalline, but yet is firmer than the Aqucous. 
Behind the vitreous Humour lies the Retina, which 
ariſes from the Inſertion of the Optick Nerve at L, 
and it is ſuppoſed to conſiſt of an infinite Num- 
ber cf {mall Nerves, ſtanding 1 by, on the Con- 
cave Surface of the Eye, on which the Images of 
external Objects are painted. The Figure of the 
Eye is Spherical, being the only Figure which can 
turn every way in the Hole it fills up. 
No becauſe thoſe Rays only which come from 
any ſingle Point of an Object, and fall on the 
Middle of the _—_ M, are united at one Point 
on the Retina, thoſe which fall at A and B ob- 
liquely, not being exactly united with the reſt, at 
| | OY” that 
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that Point, therefore the Eye is furniſhed with the 
Urea, an, opaque Coat, which intercepts all thoſe. 
Rays which tall obliquely on the Eye. 
Ihe Pupilla or Hole in this Coat, has Power to 
dilate: or contract it ſelf, to let more or leſs Light 
paſs thro it, and in the Day time it is but {mall ; 
tor too much Light from the Sun would hurt 
the Eye : In the Night time it grows wider, to let 
in all the Light it can to affect the Retina; and. 
this is the Reaſon why at Twilight Things ap- 
pear bigger than they are, for the Pupilla being 
very wide, a great many Rays come on the Retina, 
which fall on the Corner very obliquely, and 
therefore will not all be united in one Point on 
the Retina, but take ſome Space on it, and fo the 
Image of the whole will be much greater than it 
ought to be. 'Tis on the ſame Account that a 
Candle, in the Night time, ſeen at a Diſtance, . 
appears much greater than it ought to do, and the 
fame is true of the fixed Stars, for they appear 
much leſs if we look at them_thro' a (mall . Hole 
in a Paper. i = L 
To make all this plain, take two Tin Tubes 
made to go one within the other, ſo that you 
might make them longer or ſhorter as you pleaſe 7 
2 
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if at one End of theſe Tubes was put a Lens, and 
at the other taftened a piece of oiled Paper, or a- 
ny thin Membrane of an Animal to repreſent the 
Retina, and the End where the Lens is put, be 
covered with a Lid, in which muſt be made a 
| ſmall Hole to repreſent the Pupilla; then if you 
draw the Retina backwards or forwards, you will 
at a certain Diſtance ſee the Images of external 
Objects painted on it in their true Colours, as in 
the dark Chamber, or Magick Lanthorn. 
Since then the Eye is a Lens which projects tlic 
Images of external Objects on the Retina, if the 
Eye ſhould keep always the ſame Figure, and the 
Retina the ſame Diſtance behind it, there would 
be but one certain and determinate Diſtance at 
which it would ſee Objects diftin&tly ; VG. If 
che Retina were juſt at the Diſtance of the Focus of 
Parallel Rays from the Cornea, no Objects would 
have their Images diſtinctly projected on the Re- 
tina but thoſe which are at a good Diſtance from 
it, fo long as the Hye kept chat Figure; but if the 
Eye were of ſuch à Figure, as to caſt the Inages 
of near Objects on the Retina; if the Objects 
were farther removed, the Images would not fall 
on the Retina, but between the Cornea and it. If 

188 then 


1 
then the Eye kept one and the ſame Figure always, 


there would be no diſtinct Viſion, but when Ob- 


ſects are at one determinate Diſtance from the Eye, 
which would be very inconvenient for Abbie 8 
And therefore to remedy this, the Hye has the 
Power of changing its Figure, whereby the Cornea 
is ſometimes part of the Surface of a larger Sphere, 
ſometimes of a leſſer, and it is on this Account 
that the Eye is made to conſiſt of various and 
flexible Humours and Parts, the moſt moveable 
of all which is the watery Humour, lying imme- 

diately under the Cornea, next to which is the 

Chriſtalline of the fitmeſt Conſiſtence; the Chri- 

ſtalline is cloſely embraced by the Ligamentum 

Ciliare, by which it is ſuſpended, and the Fibres 
of the Ligament by their Contraction or. Dilata- 
tion bring the Chriftalline backwards or forwards. 
When the Chriſtalline is brought forwards, it for- 
wards the aqueous Humour, and makes the Hye 
more protuberant, or the Segment of a leſſer Sphere: 
On the contrary, when the Chriſtalline is brought 
back, the aqueous Humour returns alſo, and the 
Eye becoms more flat, or the Segment of a larger 
Sphere; ſo that by the Motion of the Chriſtalline 
the Cornea is made more or leſs convex, the 


2 greateſt 
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cateſt Refraction being made on the Cornea. 

y this Mobility or Changeableneſs of the — 
that we are made to ſec Objects at different Diſtan- 
ces from us. 

If che Objects a are at a Diſtance, the Eye that 
looks jar them grows flatter, if they are near us, 
the ye grows more convex: Now if the He 
could apply it ſelf to ſec Objects at all, Diſtan- 
ces from us, we could always 1ce every Object 
diſtinctly, and ncar Objects would be brought ſo 
near the Eye, that we could ſee them magnified 

in any Proportion we pleaſed. For we eſtimate the 
—_— of Ob) os ſeen with one ye by the 

ngle under which ch appear : Thus 2 Object 
215 B (Plate 8. Fig. 10 5 appearing under the An- 
gl. 44 its Image takes up the Space 4 b on the 
Retina; but the O Object C D: appearing only under 
the Angle CE D, its Image takes up only. the 
Spacc cd on the Retina. 

One and the ſame Object at different Diſtances 
from the | Retina, will appear under very diffe- 
rent Angles. Suppoſe AB (Hg. 11.) the Object, 
and the Eye at c, the Angle under which the Ob- 
ject appears, is FER ACB, if the ſame Ob- 
ject be removed to 4b; the Angl under which it 


appears 
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appears is the Angle aCb if it be brought to a b, 
the Angle at the Eye is 4 C h, fo that the Angle 
will” ſtfll be greater the nearer the Object comes 
to the Eye. eee eee 
Hg. Ig. ] Suppoſe then a ſmall Object A B, 
which of the ordinary Diſtance at which the Eye 
ties, appears under the Angle A C B. which 8 4 
very fmall that the ye can't perceive the Parts of 
che Object diſtinctiy; if chen the Eye were brought 
Ten or a Hundred times nearer V. G. to D, and 
if it could form it felf to fee diſtinctly at all. D. 
ſtances, it would appear to the Eye under tho 
Angle "& DB, Ten or 2 Hundred times bigger 
chan A C B, and conſequently the Object Saf os. 
pear Ten or a, Hundred times magnified: But 
then tho the Eye conſiſting of flexible Parts, can 
change its Figure ſo as to lie at ſeveral Diſtan- 
ces, yet this Mutability of Figure conſiſts within 
cettain Limits, and there muſt be certain Diſfan- 
ces in which an Object muſt be put to be ſeen di- 
ſtinctly; ſo that if che Object n the 
ye than chis determinate Diſtance, it can never 
be ſeen diſtinctly, the Image not falling on the 
Retina, but its Place would either be behind the 
Retina, if rhe Rays could go ſo far before they 
Fan 8 were 


, 
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were intercepted, or the Image will be vertical and 
before the Eye if the Object were nearer than the 
Focus of Parallel Rays, and conſequently it can't 
be painted on the Retina. 

If there were any ſolid Bodies ſwimming in the 
aqueous Humour, thoſe can never have the Ima- 
ges on the Retina, but their Images will be verti- 
cal and befote the Eye. This is a Demonſtration 
that the Muſce Volitantes can never be produ- 
ced by Objects ſwimming in tlie aqueous Hu- 
mour, cen Seger? ly imagined. 

Plate 8. Fig. 17.] Since then the Object AB may 
be ſo near the Eye at D, that it will be without 
the Limits of Aline Viſion; it's plain that it 
can't be ſeen magnified to the naked. Eye in any 
given Proportion, which it would be, could the 
Eye ſee diſtinctly at all Diſtances; but if before 
the Eye D be put a Lens CE, which conſiſts of 
Segments of ſmall Spheres, and the Diſtance of 
the Objects from the Lens be leſs than the Focus 
of the Parallel Rays, the Lens will form the Image 
of the Object A B at ab; that is, all the Rays 
which come from the Points A and B will enter 
the Eye as if they had come from the Points ab, 
and the Eye will ſee the Object at ab, at the Di- 


— 


ſtance 


a 
a 
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ſtance neceſſary for diſtinct Viſion, and it will ap- 
pear under the Angle A DB, or a Db, vhich is 
the very ſame that it would have been under to 
the naked Eye at D. If the Object were placed at 
the Focus of Parallel Rays, tl en all the Rays which 
come from the Point A aſter Refraction thro' the 
Lens, would go Parallel and enter the Eye as if 
they had come from an infinite Diſtance, ſo the 
Eye would ſce the Point A in the Line A 4 pro- 
duced in Infinitum. The fame thing is true of 
the Point B, and the Object would be ſeen at an 
infinite Diſtance under the Angle a D B, which is 
the very ſame under which it would be feen by 

the naked Eye, if it could ſee it at D diſtinctly. 
Ag. 16. Plate 8.] Suppoſe an Object A B, which 
to the Eye at C the ordinary Diſtance for diſtinct 
Viſion. appears, under the {mall Angle A CB, if 
then I would ſee this Object an Hundred times 
magnified, 1 take a ſmall Lens whoſe Focal Di- 
ſtance for Parallel Rays is an Hundred times leſs 
than AC or BC, and put the Lens at G, ſo that 
the Diſtance of the Lens from the Object may 
be a Hundred times leſs than the Diſtance of the 
Eye at C from the Object: If then I bring my 
Eye to D to the Lens, I ſhall fee the 32 
o | ennc 
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the Lens under the Angle ADB, which is 4 Hun- 
dred times gicater tha & CB, and the — will 
ſee the Object thus magnified diſtinctly, becauſc 
it ſees at à greater Diſtance from the Eye; for 
moſt Mens Eyes are framed to ſee Objects ar 2 
good Diſtance from the Eye diſtinctly. - 
ig. I. Plate 8.) If there were an Object AB 
and àa Lens E, whoſe Focal Diftance is E E, that 
Object would appear by the Lens undet the An. 
gle AEB: If chere were a Lens WHhoſe Focal” Di 
ſtance is D F, the Angle under which the Object 
will appear will be ADB, greater than A E B; if 
there Were another Lens art C, whoſe Fbcal D. 
fance is CE, the Angl' under which the Object 
would appear thro" this Lens is A CB, which is 
ſtill greater than ADB. The leſs then the Focal 
Diſtance of Parallel Rays of any Lens is, the morc 
will magnify the Object. And if the Lens be 
<qually convex on both Surfaces, the Focal Di. 
ſtance tor Parallel Rays is a Senidiameter's Di- 
ſtance from the Lens; the leſs chen the Semi- 
diameter of the Sphere is, of whoſe Segment the 
Lens is made, the more it will magnify the Object; 
And the whole Art of magnitying Objects by ſingle 
Microſcupes, is to grind Glafles exactly of Portions 


or 
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ef very (mall Spheres: Lezvenhoeck and Melon pre- 
tended to grind Glaſſes whole Focal Diſtance not 
much excced-rhc-hundreth Part of an Inch. I have 
heard of ſome that are lets, and if they were let fall 
on Paper, there would be need of another Mi. 
croſcope to find them with t.. 

To know how much any of theſe ſingle Microſ 
copes magnify ; take a {mall piece of Paper, ſuppoſe. 
tis of an Inch Diameter, and paſte it on a Wall; 
en take a Aſicroſcope and 2 any ſmall Object at 

Focus of Parallel Rays from it; then recede ſo 
far from the Wall, till the Paper on it appears of 
the ſame Bigneſs with the Obijee ſeen thro”. the. 
Microſcope; then conſider what Proportion the Di- 
ſtance ot your Eye from the Paper om the Wall 
bears to the Diſtance of the Object from the Mi- 
croſcope, and in that Proportion the Object will be 
magnified, or appear greater than it would do 
were it placed at the ſame Diſtance from the Eye 
with the Paper on the Wall. 85 

We may perform this more caſily thus. Take a2 
round piece of Paper of about two or three Inches 
Diameter, and dye it black with Ink, then paſte it 
on a Pane of Glaſs in the Window and recede ſa 

from it, till looking thro the Microſcape wit. 


one 


2 
one Eyc on the Object, and with the other on the 
Paper, you perceive them both of the fame Big. 
neſs, or the one exactly to cover the other, the 


Proportion between the Paper and the Obje# 


will be exactly as the Diſtance of the Object 
from the Microſcope to that of the Eye from the 
Paper; and 13 when the Object appears 
of the ſame bigneſs with the Paper, it is magnified 
in that Propoſtis 

Tho moſt Mens Pyes have ſuch a Flexibility and 
Changeableneſs of Figure, that they can't only ſee 
Objetts at a great Diſtance, if they appear under 


any ſenſible Angie, but alſo thoſe that are within 


two or three, or one Foot of their Eye, yet there 
are fevcral « whoſe Limits of Diſtance for diſtinct 
Objects as to their Viſion, are much leſs. V. G. 
Some cant ſee Objects but when they are very near 
them, or cloſe tò their Eye, whichbeing bey con- 
vex, or the Segment of a ſmall Sphere, will unite 


the Rays of Objects at a Diſtance before they come 
to the: Retina. They who have this Fault in their 
Sight are called Myopes. 


On the contrary, there are others whoſe Byes are 
very flat, or Segments of large Spheres, who can't 


ſee unleſs the Objects be at a good Diſtante from 


them, 
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them, and KRG which come from one Point 
to fall into the Eye arc quam proxime Parallel — 
Becauſe old Men have generally their Eyes very 
flat, ſo that they can't ſee but at a Diſtance; there- 
fore thoſe who are troubled with this Fault, are 
called 7 Both their Faults of Viſion may 

be helpt by Lens s; for thoſe, who are Short - ſighted, 
and can't {ce any Object but what is very near them, 
by looking thro a Concave Lens, will ſee di- 
ſtinctly Objects, which at the ſame Diſtance with- 
out the Lens, they could not ſee but very confu- 
wann | | 

8 Plate 8. Hg. 9.]. Suppoſe the Object ABC, 
and the Eye of a Mhopes at E, the Object being 
without the Limits of diſtinct. Viſion, will be ſeen 
confuſedly by the Eye at E; but if you put in the 
Concave-Lens at G between the Object and the 
Eye all the Rays which come from it will enter the 
Eye as if they had come from a, which is much 
nearer to the Eye, and within the Limit of di- 
aer Viſion ;. the Lame, iu) be fad of B and C 
from this Experiment; therefore it's plain that by 
the help of ſuch, a. Lens, the Eye of a Myops 
will ſee diſtinctly the Object A B C tho' much 
leſs than if it had ſeen it without the Lens, 


- 
I - 
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 Pfate 8. Fig. 12. As a Concave-Lens makes 
Je ſee more diſtinckhh⸗; {& alſo 
the Conve Lens helps off the Sight. of à Presbyt ; 
for ſuppoſe AB an f Objeet, and. the Eyc at C, 


this Object is fo near the Eye that it cant be ſeen 


diſtinctiy by x. If therefore there be a Conchve- 


Lens put at E, ſo that the Object may be within 
the Forms of Parallel Rays, the Eye will ſee the 
Object AB at A +, at a farther Diſtance, and with. 
in the Limits of diſtinct Vifton; and ir will cc 
the Object take up the Space 4 b which is greater 


than AB, and therefore it will ſee it magnified ; 


whereas an Objett ſcen thro a Lens fir for 2 Ach 
does always appear leſs. Wo. „ 


are toſs which confift of | 
at are deſigned to inlagife the | 
9 


ate 9. "Big 7 The firſt Frets made- after 
dus manner. . is à Lens of a ſmall Sphere, be- 
fore which the Object A B is placed at ſuch a Di- 
ftance, that the Image made by the Lens 'C may 
be © caſt out 45 1 EI Diſt Mee onthe. other Side, 
e. Jt . o chat tab be 10 or 100 times far- 
ther from C th AB is, it will be 10 or 100. 
times greater thaty K BY D Eis another Lens 
Pe . which 


Double Microſcopes 
2 7. or 4 LESS! 


[ 179 ] | 

which is larger and put ſo near the Image 4h, 
that 6 will be either in its Focus of parallel Rays, 
or ſomewhat nearer; ſo that the Image of the J. 
mage ab, made by the Lens D E, may be caſt 
out at a diſtance, fit for diſtinct Viſion. Now 
if the Eye be applied at G, it will ſee the the Ob- 
ject under the Angle, equal to the Angle Ef D, 

And conſequently magnified, and at a Jane? fir 
ZE Loo tum SIO 35 7 
Plate 9. Hg. 2.] Moſt of the double Micro- 
ſcopes now in uſe have three _ and are made 
thus. C is the Object Glaſs, which is the Porti- 
on of a ſmall Sphere; A B is the Object ſome- 
thing farther than the Focus of parallel Rays ; fo 
chat the Image may be caſt out, and fill the Space 
ab 10 or 100 times greater than AB. DE is a- 
+ nother Lens or Segment of a larger Sphere placed 
at a little diſtance from 4 6 ; to this join the Glaſs 
GH, which is the Segment of a Sphere ſomewhat 
leſs than D E: So that the Diſtance between the 
Glaſſes GH and D E, may be leſs than the Di- 
ſtance of the Forns of parallel Ryys: of the Glaſs 
H, and that the Rays which come from the J. 
mage a b, may pals the two Glaſſes, and after Re- 
fraction enter the Eye at L. So that all thoſe 


* Aa 2 Rays 
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Rays which come from the ſame Point of the 7. 
mage a b, may enter the Eye as if they had come 
from an infinite Diſtance, z.e. the two 1 4 GH 
and DE ought to be ſo placed, that the Rays 
which come from any one Point of the Object 4 b, 
may after Refraction thro' theſe two Glaſſes run 
parallel, and ſo form in the Eye a diſtinct Image; 
for it is plain, that in this Caſe the Eye will ice 
the Object much magnified and diftin&t. By this 
Microſcope the he can perceive a greater Portion 
of the _ than by the former; becauſe the 
| Rays at b and à would fall fo obliquely on the 
Glaſs DE, that without the third Glaſs H G, they 
could nor enter the Eye, and conſequently with- 
out that Glaſs the Eye will ſee only the middle 
Part of the Object | 
| As Microſcopes are uſed ro diſcover the ſmall - 
Parts of theſe Bodics we have near us, and put at 
a due Diſtance from the Miſcroſcope: So Tele- 
ſcopes are for diſcerning Bodies diſtinctly that are 
at great Diſtance ſrom us; ſo that the Rays which 
come from any one Point of the Object, and fall 
on the object Glaſs of the Teleſcope,” may be con- 
ceived as Parallel, and conſequently they will u- 
nite and form the Image as the Focus of parallel 


Rays. Plate 


Fw! 

Plate 4. Fig. 15.] The firſt and moſt ſimple 
Sort of Telefcope is the Aſtronomick, for looking 
at the Stars. CD repreſents the object Glaſs, 
which is a Portion of. a — large Sphere; A E 
and BE, are two Rays which come from the Ex- 
tremities of an Object placed at a great Di- 
ſtance, as the Object A B is to be ſuppoſed. All 
the Rays which come from the ſame Point that A 
E came from, will after Refraction thro' the Lens 
meet at 4, and all the Rays which come from the 

fame Point of rhe Object with the Rays B E, will 
after Refraction meet at the Point b; ſo that the 
Image of the Object will be placed at b a, at the 
Diſtance of the Focus of parallel Rays, as you may 
ſee by the pricked Lines. | 

Suppoſe G F H a Lens of a much greater Con- 
vexity, or a Segment of a much larger Sphere ; pla- 
ced fo near the Image a b, that 4b may be in its 
Focus of parallel Rays, that is to ſay, all the Rays 
which come from the Points 4 and b, may 
after Refraction run parallel and enter the ye 
at L, as if they had come from a great Diftance ; 
theſe Lens's being thus adapted, and put in a Tube, 
the Eye will ſec diſtant Objects diſtinctly, and 
magnified in the Proportion that the focal Di- 


ſtance 
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ſtance of the Claſs CD, as greater than the focal 
Diftance of G H. For firſt the Eye will ſee the 
Object diſtinctly, becauſe the Rays which come 
from the Points 4.6, falling on the Eye at L, as 
if they had come from a great Diſtance, will be 
exactly united in the Retina, and therefore a di- 
ſtinct Image. 7 

2dly. The Object will be ſeen much greater 
than without the Teleſcope, for the Angle under 
which the Object is {cen without the Teleſcope, is 
the Angle AL B, and the Image under the Retina 

ol the Eye is AB; but the . under which 
the Object is ſeen with the Teleſcope is the Angle 
6 L H and the Image made then on the Retina 
is K; and therefore .as much as this latter Angle 
and Image are greater than the former, ſo much 
is the Object magnified by the Teleſcope. 

Again, let A and B be two Rays coming from 
the End of an Object at an infinite Diſtance, 
whoſe Image is a b, the bigneſs of which is deter- 
mined by the Angle 2 E, which theſe two Rays 
make in paſſing thro' the object Glaſs, without any 
Refraction, becauſe they are the eAxes of two 

Pencils of Rays: Let the focal Diſtance of the ob- 
z<&tGlafs be E K, and that of the Eye-Glaſs F K, 


And 
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and A E B be the Angle under which the Object 
is ſeen without the Teleſcope. Now becauſe the 5 
mage and the Object appear under the ſame An- 
le from the Lens, the Angle A EB will be e- 
qual to the Angle à E b, and conſequently to the 
Angle under which the Object appears ſeen with- 
out the Teleſcope ; but the Eye at L ſees the /- 
mage a b under an Angle equal to aFb; and 
conſequently ſo much 2 as the Angle a F 
b is than 4 E b, ſo much greater will the Object 
appear when feen with the Teleſcope than when 
ſeen without it: But ſo much as E K is grea- 
ter than F K, ſo much is the Angle a F b 
greater than 4 E b, i. e. the Object iS magnificd in 
proportion to the focal Diſtance of the object 
Glaſs; keeping rhe ſame He- Claſs ; and and con- 

ſequently the longer the focal Diſtance, i. e. the. 
longer the Space is, of which the Zens is a Porti- 
on, the more the Object will be magnified ; and 
therefore the whole Perfection of theſe Sort of 
Teleſcopes, is to get object Glaſſes well ground of. 
a long focal Diſtance. There are ſome of theſe 
Teleſcopes of 1 50 or 200 Feet in Length, but it is 
very difficult to manage and turn them as one. 


plcaſcs. It is plain, that the | Image 4 b is inver- 


ted 
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ted in reſpect of the principal Object, and conſe- 
quently whatever Oljects we look at with theſc 
Teleſcopes, will appear inverted. 
Plate 9. Hg. .] 2. Galilauss- Teleſcope does 
likewiſe LA of two Glaſſes, whereof the object 
| Glaſs is Convex, and a Segment of a leſſer Sphere. 
"They are fixed in a Tube after this manner. CD 
is the object Glaſs, whoſe Focus of parallel Rays 
is at 4b, i. e. the Images of diſtant Objects made 
by the Glaſs CD are at 4 b, ſo that K is the Focus 
of parallel Rays to the Axis of the Glaſs; ſo 
that if it were not for the interpoſition of the 
Eye-Glaſs G H, all the Rays parallel to the Axis 
would converge to the Point K; but then by 
the interpoſition of the Concave Eye-Glaſs G H. 
which is placed at ſuch a Diſtance from the Image 
a b, that the Point K is in its Focus of parallel 
Rays or vertical Focus, all the Rays which beforc 
they paſſed thro the Glaſs GH were converging 
to the Point K, will after Refraction on the Glaſs 
G H, run parallel to the Axis: The ſame way 
all the Rays which before the Refraction on the 
Glaſs G H, were converging to the Points 4 h, 
will after Refraction run Parallel one to another. 
So that the ye near F will receive all the . 
5 which 
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which were going to 4b, as if they had all come 
from a-b placed at a great diftance, and the Eye 
will ſee the Object under the Angle a F which 
is equal to 4Fb; where it is to be obſerved that 
the Image 4 b is inverted in reſpect of 4b, and a 
b. will be erected and ſeen the tame way that the 


principal Object A B is ſeen. 


N. B. vertical Focus of a Concave Glaſs 1 


that Point from which the Rays parallel to the 


Axis diverge, after Refraction thro the Glaſs ; 


48 the Point C (Plate 7. Fig. 3.) 1 the vertical 


Focus: of dan Rays of the Glaſs E E, becauſe 
the Rays B D, which come from A, and before they 
entered the Glaſs were Parallel to the Axis A E, are 
by Refraction thro the ſaid C a made to diverge 
from the Point C, as if they had come really from 


that Point. 


Plate 9. Fig. 5.] 3. Becauſe the firſt Sort of 


Teleſcopes ſhew all Objects inverted, and the ſe- 


cond diſcovers but the ſmall Part of an Object at 
once; therefore a third Sort has been contrived, 
conſiſting of four Glaſſes, vig. one large Object 
Glaſs and three Eye-Glaſſes, placed after this man- 
ner. CD is the Ol s, whoſe Focus of 
parallel Rays is at 2 b: or which is the ſame 

B b thing 
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thing, let a h be the Image of ſome diſtant Object, 
therefore it will be inverted in reſpect of the O 
E F is an Eye-Glaſs, a Segment of a leſſer Sphere, 
placed ſo near the Image à b, that Rays, which 
come from any one Point of it after Refraction 
thro' E E, may run parallel, and fall on a third 
Glaſs GH; thoſe parallel Rays falling on the 
Glaſs G H, will after Refraction converge to the 
Focus of parallel Rays, and form an Image a b in- 
verted in reſpect of 4 b, and conſequently erected 
in reſpect of the principal Radiant. I K is ano- 
ther Glaſs placed ſo near the Image à b, that the 
Rays coming from any one Point of the Image 
a h may enter the Eye at L, as they had come from 
a Point at a great Diſtance; that is, they will after 
| Refraction at I K run parallel, and then the Eye 
at L will ſee the Image diſtinctly erected and. 
magnified. _ Teo E 
OBSERVE, that ab is the common Focus of 
parallet Rays to the two Glaſſes C D and EF, and 
4 b is the Focus of parallel Rays to the two Glaſ- 
ſes G H and IK. RF 51200 
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Sir ISAAC NEWTON's 
COLOURS 


PROPOSITION. 
Lights which differ in Colour, differ alſo in 
Degrees of Refrangibility. 
EXPERIMENT. | 
fs. ar, er apply any flat Side of a Priſm to 

| + Th 


c Hole of a dark Room to reccive the 


— — — — — 
« A p @ 
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Rays which come from the Sun, theſe 
| WE)! Rays which are different in Colour, will 
be ſeparated by a different Refraction, and diverge 
from one another, (as in Fig. I. Plate 10.) and ap- 
pears diſtinctly in an oblong Figure on the op- 
poſite Wall: They will be refracted in this Or- 
der, ig. The red Rays will be retracted leaſt, 
"BUT - ”-—— 
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the Orange ſomewhat more, the Yellow more 
than that, the Green yet more, the Blue more 
than the Green, and the Purple moſt of all. Now 
to ſhew that theſe Colours were not made by Re- 
fraction, but were originally in the Rays of the 
Fun; if you refract any one of them never ſo 
much ih a Priſm, as for re 2a the Purple in 
the firſt Figure, it will retain the ſame Colour. | 
If you contract theſe refracted Rays with a 
Burning-Glaſs, they will all converge to the Focus 
of parallel Rays, as in the ſecond Figure ; where 
if you receive them on Paper, they will appear 
White: And to ſhew farther, that White is a Com- 
oſition of all theſe Colours, if you intercept the 
lue Ray with a Piece of Paper, between the Fo- 
cus and the Glaſs, the White at the Focus will ap- 
pear Reddiſh; if the Reddiſh be intercepted it 
will appear Bluciſh. So that if one of theſe Co- 
lours is wanting, the White is imperfect. 
Ng. 3. If you receive all the Rays on a Piece 
of Paper, as at L, Figure 3d. between the Focus 
of parallel Rays and the Glaſs, they will appear 
wids their proper Colours in their rig t Order, and 
converging towards one. another ; but if they be 
received beyond the Focus, they will _ in 
| | their 
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cheir proper Colours on the Paper, and to have di- 
verged from one another, whence their Order will 
be inverted, vig. the purple Ray will be in the 
Place of the Red, and the Red of che Purple. 
Io ſhew that the Rays which differ in Colour, 
tho' they have the ſame Incidence, are differently 
fta, place a tall Piece of Wood with an 
Hole in it, Fig. 4. and a Prim behind that Hole 
at a convenient Diſtance from the Window; then 
with it refract the ſeveral Rays one after another 
from the Hole in the dark Room, to the Hole in 
the Piece of Wood, and cach of the Rays will be 
differently refracted on the oppoſite Wall. Vi⁊. 
The Reddiſh will be leaſt retracted, and upper- 


moſt; the Orange next, underncathi; the Tellotc 


next, the Green next, the Blue next, and the Pur- 
pie loweſt of all. ety | 

: Thoſe Objects whoſe Parts are ſo diſpoſed, as 
to refle&t any one of theſe Rays more than the 


| reſt, and in a great meaſure to abforbe and ſtifle 


the others, appear to be of that Colour which they 


- moſt reflect; whence a blue Ray when refracted on 


a blue Object, appears much ſtronger than when 
it is refracted on one of a different Colour, and ſo 

of the reſt, If you look thro a Priſm on an Ob- 
| 1 8 ject 
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ject of any one Particular, V. G. Green, you will 
ſee it in all the other Colours; but the Green be- 
ing the moſt powerful, the Object to the Sight of 
the naked Eye will appear altogether of that Co- 
Since White has been proved to conſiſt of all 
Colours; it follows from hence, that thoſe Objects 
which appear White to us, are ſuch as arc diſpoſed 
very curioufly to reflect all Colours, and the grea- 
ter or leſs this Diſpoſition is in the Superficics of 
the Object, it will appear accordingly of a 
quite White, or elſe of a fomewhat ſhaded Dark- 
brown, or ſome other intermediate Colour; and 
thoſe Objects which are very little, or not at 
all diſpoled to reflect theſe Rays, will appear 
. 18 | 


It may be ſo contrived by darkening a Room, 
and by x a means letting Beams of Light fall ve- 
ry forcibly upon a black Objec?, that it ſhall then 
appear exactly White to the Be. 

If you expoſe two Pieces of Marble to the 
Sun, one White, the other Black, the Black will 
be hot, and retain the Heat longer; for as the 


Wuite reflects, ſo the Black abſorbs the Rays r 
the Sun. 1 | : WO - 
Ic 
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If an oblong Picce of Paper placed before a 


Window, be viewed at ſuch a Diſtance thro' a 
Priſm, that the Light from the Window on the 
Paper may make an Angle, equal to that which 
is made by it, i. e. the Light reflected from the 
Paper to the Eye, Provided the Paper be ter- 
minated with Sides parallel to the Priſm, and the 
Horizon, and diſtinguiſhed by a perpendicular 


tranſverſe Line into two Halves, the one of an in- 


tenſely blue Colour, the other intenſely Red: If the 


refracted Angle of the Priſm (i. e. its two Sides 
thro which the Light paſſes to the Eye) be turn- 
ed upwards, ſo that the Paper may ſeem to be lit- 
ted upwards by the Refraction, its bluc Half will 
be lifted higher by the Refraction, than its red 
Half; but if ic be turned downwards, fo that the 
Paper may ſeem to be carried lower by the Re- 
fraction, its blue Half will be carried ſomething 
lower thereby than its red Half; becauſe in both 
Caſes the Lighe which comes from the. blue Half 
of the Paper thro' the Priſm, to the Eye, is more 
refracted than that which comes from the red Half. 
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A Drs cRrRIPTION of the 
Condenſing ENGINE with 
its Apparatus. 


a 4 Sh Al. 


g. G. s S a Syringe or Syphon for injecting 
| 8 Air So the VEE cos of Fig : 
7 | ? 

Fig. 9. A'Mercurial-Gage made wich a Glaſs 
Tube cc fixed into a Piece of Wood, to know 
by the riſing of the Mercury in the Veſſel 44 4 4. 
Fre. 7. bb bb repreſent the Braſs Heme- 
ſpheres; , 'a Cock to keep the injected Air from 
coming out; ee, a hollow Piece of Braſs thro' 
Which the Air is injected; 4d a Braſs Plate to 
ſhur up the bottom of the Veſſel aa aa; à one 
of the Braſs Rings to hang the Weiglits on to 

draw the Hemiſpheres aſunder. | 
Fig. 10. k, the other Braſs Ring for the a- 
bovementioned purpoſe ; 4444 is a Glaſs Vel. 
<2 2 ö H | ſcl 
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ſel armed with Hy Hooks at c, the better to 
keep in the Air condenſed upon the Hemiſpberes 
bbbb within the ſaid Glaſs. f, a Piece of Braſs 
ſcrewed to the upper Hemiſphere to ſuftain it by 
help of the Pieces e, e, g, hanging upon the 
Hook k, whilſt the Weights in the Scale draw the 
lower Hemiſpheres from it, and without letting 
out the condenſed Air. h, h, a Board with two 
ſcrewed Pillars to fix the fen and lower Braſs 
2 


Plates to the Braſs Veſſel, the upper Braſs 


Plate tepreſented in Hg. 8. with the Collar of 


Leathers f, f, that the Piece e, e, of Hg. 7. may 
flip up and down without _— out the Air. 

If the Air be exhauſted out of the Hemiſpheres 
(joined ony by a wer Leather) it will require 
thirty Pounds to draw them afunder ; it the Den- 
ſity of the Air in the Veſſel 4 4 4 à be doubled 
by the Quantity of injected Air on the outhde of 
the Hemiſpheres, tho" the Air is not drawn out 
from between them, it will require as much 
Weight to draw them aſunder, as before; and 
double that Weight if there is a Vacuum between 
the Hemiſpheres ; or if the Air is three times as 
denſe as at firſt. And if the Air being three times 
as denſe as at firſt, there be Vacuum between => 

28 5 Co | e- 
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Hemiſpheres, ir will require three times the 
Weight, namely three hundred and ninety Pound 
to pull them aſunder. 
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APDztscrIeTION of RowLrrs 
- HORARY, or a Machine to repreſent 
' the Motion of the Moon about the Earth, 
and the Earth, Venus and Mercury about 
the S. 


ls Movement repreſents that Part of 
[ST the Planetary Syſtem, according to Co- 
1-32 2 pernicus, which is circumſcribed by the 
FFarth's Motion round the Swn, or con- 
tain d within the Orbit that the Earth deſcribes 
about the Sun. 4 | 
The flat Silver Ring which incompaſſes the 
whole Work upon the upper Face of the Move- 
nent, repteſents the Plane of the Ecliptic, and is 
divided into twelve cqual Parts, which are 5 
| n ee 


— 

twelve Signs of the Zodiac; each Part is again 

ſubdivided into thirty * Parts, which are the 
t 


Degrees of each Spy, there being three hundred 
1 ſixty of theſe in the whole Circumference. 
This Plane of the Ecliptic paſſes thro' the guns 
Centre, and the Earth's Centre is carried round 
the en in the ſame Plane; fo that no Body can 
be in a direct Line between the Centres of the 
Earth and gun, unleſs that Body be in the Plane 
of the Ecliptic, it taking its Name from Eclip- 
ſes, which never happen but when the Moor is in 
or near this Plane. NS] Ar 
The Places of all the Planets are determined by 
their Situations in reſpect to the Signs of the 20. 
aac, beginning to reckon from Aries, and by 
their being in or out of the Plane of the Ea. 
tic; their Diſtance in Degrees from the beginning 
of Aries is their Longitude, and their iſtarice 
from the Plane of the Ecliptic, either above of 
below it, is their Latitude, which is either Nor- 
thern or Southern, according as the Planet is to- 
wards the Northern or Southern Part of the E- 

clic. | | 
Each primary Planet moves in an. Orbit, whoſe 
Plane paſſes thro the Sun's Centre ; and ſince on- 
GC. ly 
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ly. the Earth of all the primary Planets moves in 
| p Ecliptic, every one of the other muſt conſe- 
quently paſs thro the Plane of the Ecliptic at 
two oppolite Points .call'd Nodes. 
The Moon moves in an Orbit, whoſe Plane 
paſſes thro the Earth's Centre. The two oppo- 
12 Points where the ſaid Orbit cuts the Plane of 
the Ecliptic, being the Aſoon's Nodes, which are 
repreſented; in the Machine by two Studs; and 
ſince the Nodes arc always in the Plane of the 
Ecliptic, it the Moon happen to be in cither of 
them, when they are in a Line with the Sur and 
Earth, there will be an Eclipſe ; twill be of the 
Moon, if the Earth is between the Sun and 
Moon, and of the Sun, if the Moon is between 
the San and Earth 
The Centre of cach Planet's Orbit not being in 
the Fans Centre, its Diſtance from it is called 
the Excentricity; upon this Account the Planets 
recede from, and approach towards the Sun at 
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differcor ine. 
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Theſe Deffinitions being premiſed 


The large gilt Ball in the Centre repreſents the 
Fun, which you may obſerve to turn round upon 
a fix d Axis, inclined to the Plane of the Ecliptic, 
in an Angle of about Eighty-rwo Degrees or eight 
Degrees diſtance from a Perpendicular. 

he innermoſt ſmall Ball is the Planet Mercu- 
ry, which revolves round the Sun in an excen- 
trick Orbit, with a proper Degree of Inclination 
to the Plane of the Ecliptic. 


The next ſmall Ball is Venus, commonly cal. 


led the Evening or Morning- Star, which here re- 
volves round in an Orbit of due Inclination and 
Excentricit. ieee 
- The outermoſt painted Ivory) Ball repreſents 
the Earth, which revolves round the Fun in its 
proper Orbit, and at the fame time has a ſwifter 
Rotation upon a Steel Axis, which Axis always 
ſtands inclined. to the Plane of the Ecliptic in an 
Angle of Sixty-ſix and half Degrees, or Twenty- 


three Degrees and half from a Perpendicular, and 


ints the ſame way during the whole Revolution, 
it being always parallel to one and the ſame 
25203212 : Line ; 
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Line; that is, if a fix'd Star be ſuppoſed at an 
immenſe Diſtance, the Earth ſhall*always point 
to it, what Part ſoever of its Orbit is in the two 
Extremitics of this Axis, namely where it goes 
into, and where it comes out of the Globe, repre- 
ſents the two Poles; the upper - moſt is the North, 
the oppoſite the South Pole; the other Ball which 
accompanies the Earth in its Motion round the 
| San, and at the fame time revolves round the 
Earth, repreſents the Moon, whoſe Orbit is leſs 
than that of the Earth, and has its proper Degree 
of Inclination. | . 
The Hemiſphere of AMercury or Venus, which 
is turned towards the Sun, is always enlightened, 
and the oppoſite Hemiſphere dark, which is here 
repreſented by the white and black Part of the Ba/ls. 
It is to be obſerved of the Aon, that it turns 
once round its own Axis, whilſt it is carried round 
the Earth in its own Orbit, which is performed 
in Twenty-ſeven Days and eight Hours; and 
therefore the ſame Face is always towards the 
Earth, and it. is hereby exprefſed by the white Part 
of the Moon which is always towards the Earth 
in this Machine; but as it is not always enligh- 
tened, there is a dark Cap which expreſſes 55 
5 Wn #haded 


& | 

ſhaded Part of the door, or the Part not enlight- 
ned by the Sun, and thereby is exhibited how 
much is enlightened of that Part of the Moon 
which we ſee from the Earth; that is, what Phaſis 
or Appearance the Moor has at any time. 

Whereby is ſhewn how far any Part of the 
Earth moves round in a determinate Number of 
Hours. | s 

The Circle on the Moons Orbit is divided into 
Twenty- nine Parts and halt, which repreſents the 
Days of the Moon's Age, that being the Period. 
from New Moon to New Moor. The Number 
in the ſmall Circle adjoining to the. oox's Orbit, 
repreſents the Number of Moons. or Lunar- 
Months. 71 7 

The Number which appears in a ſmall Hole 
made on the great gilt Plate ſhews the Year. 

From theſe Meafures of Time you will find the 
Sun revolves upon his Axis in about 25 Days. 

Mercury revolves round the Sun in about 87 
Days, 23 Hours. | 
Ven revolves round the Sw in about 224. 
Days, and 18 Hours. 

The Earth revolves about the Sun in 365 Days 
6 Hours, and about its own Axis in 24 — 

R ag 
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And the Nodes of the Moon have a retrograde 
Revolution in her Orbit in about 18 Tears and 
e 

All which Motions nearly agree with thoſe in 
the Heavens. 93 
So that if this Movement be fer to any given 
Time, ſo as to repreſent the Situations of the 
Earth, Sun, and Planets, in reſpect to each o- 
ther, and be atterwards ſet a going, it will then 
truly repreſent the Situation of the Planets, with 
regard to each other for any given Time, paſt or 
to come. Only this you ruſt obſerve; tha the 
Proportion of the Orbs of the Planets, in reſpect 

of the Bulks of the Bodies, and the Proportion 
of their Bulks to each other, could not be perfor- 
med in ſo ſmall a Model as this is; but that ma 
in ſome Meaſure be remedied by making the fol. 
| lowing Allowances. 
Suppoſe the Diameter of the Moons Orb to 
be ſixty Diameters of the Earth, and the Diame- 
ter of the Earth's Orb round the Sun 300 times 
the Diameter of the Moons Orb, and thc Orbs'of 
Venus and n to bear the ſame Proportion 
to the Earth's, as they do in this Machine. 
2 2 Then 
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Then for the Bodies, imagine the Earth to be | 


in Diameter a little more then 3 times and half 


2 


uppoſe Venus about as = as our Earth, and 
Aru about as large as the Moon. © 

And Laſtly, Suppoſe the Sun to be near 100 
times larger in Diameter than the Earth, that is in 
Bulk one Million of times larger. 


re than the oor, or in Bulk near 51 times. 
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Printed for, and Sold by B. CRE ARE, at 
the Bible and Ink-Bottle in Jermyn-Street, 
St. James's; and J. SACKFIELD, in 
Lincolus-Inn- Square. 


HE Mandate of his Eminence, Monſeigneur, the Cardi- 
nal de Noailles Arch-biſhop of Paris, in French and En- 
I, with the Act of Appeal, and Extract of the Regi- 
— ſeers of the Chancery, the Church, and Univerſity of 
Paris, of the 11th of Spt. 1718. As alſo the Extracts of the Re- 
giſter of the Concluſion of the Metropolitan Church of Paris, from 
the Paris Edition, put out by the Cardinal's Order. Juſt Publiſh'd. 


Price 15. 


An Es$4ay towards the Cure of Religious Melancholy, in a Let- 
ter to a Gentlewoman afflicted with it: Penn'd for her Uſe, and 


Publiſh'd at her Requeſt. Price Bound 2 s. 


Geography Epitomix d, or, The London Gazetteer : Or, A Geographi- 
cal Hiſtorical Treatiſe of Europe, Afia, Africa, and America, with 
their ſeveral Empires, Kingdoms, Principalities, States, Provinces, 
Iſlands, Counties, Biſhopricks, and chief Cities of the World ; de- 
ſcribing their Situations, Cc. with! = Account 'of the Ts: +: 

a 2 their 


CATALOGUE. 


their Behaviour, Manners, Politicks, Religion, &c, Rivers, Produ- 
ction of Soil, Rarities, Nature, and Riches : Likewiſe, their Re- 
venues, Government, Foree, Antiquities; with a Diſcription of K. 
George's Dominions in Germany. To which is added, An Introdu- 
&10n to Geography, and Knowledge of the Globes and three Ta- 


bles, Cc. 


A Geographical and Hiſtorical Account of the ſeveral Empires, 
Kingdoms, Republicks, and Sovereignty's of Europe; with an exact 
Liſt of all the Capital Cities, Univerſities, Primaces, Archbiſhopricks 
thereof, with the Names of the reſpective Princes, their Ages, Iflue; 
Parents, Relations, Religion, Alliances, Titles and Pretenſions; to- 
gether with an Account of the moſt .Nated Sca-port Towns up- 
an Navigable Rivers, and Strong Places, A Deſign as New as it is 
Uſeful for all thoſe who deſire to have any Knowledge of the Preſent 
State of Europe. Pr. 1 5. 42 


Memoirs ef the Life of Sir Sephen Fox, Knt. from his firſt En- 
try upon the Stage of Action under the Lord Piercy, till his Death, 
with many curious Incidents and Paſſages, not mention'd in the Lord 
Clarendon s Hiſtory, in the Reigns of the Kings, Charles and James, the 
2d. K. William, and Q. Anne, and the two firſt Years of K. George; 
with an Account of his diffuſive Charities and Benedictions, as alſo 
his laſt Will and Teſtament, his Legacies bequeath'd to his Relati- 
ons and Friends. A Copy of the Schedule annex d to his Will, 
faithfully extracted from the Prerogative Office in Dofors-Commons. 
The Second Edition. Price ſtich'd1 5. 


Memoirs of the Durcn Txape in all the States, Empires, and 
Kingdoms in the World. She wing its firſt Riſe and amazing Progreſs : 
After what Manner the Duron manage and carry on their Com- 
merce; their vaſt Domintens and Government in the Iadies, and by: 
what Means they have made themſelves Maſters of all the Trade of 
EvukorE. As alſo what Goods and Merchandize are proper for 
Maritime Traffick, whence * ars to be had, and what Gain and 
Profit they produce. A TREATISE very neeceſſary for e- 
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TES1| Survey of Trade. In Four Parts. I, The great Advanta- 
tages of our Trade in General, and the Particular Influence 
8 of it on Great-Britain, II. The Marks of a beneficial 
Trade, and the Nature of our Commerce in its feveral > 
anches ; with an Examination of ſome Notions generally received. 
of the Prejudices we ſuffer by other Nations in Trade. III. The 
at Advantages of our Colonies and Plantations to Great-Britain, and 
our Intereſt in Preſerving and Encouraging Them 3 and how They may 
be farther Improved. IV. Some. Conſiderations on the Diſadvanta- 
ges our Trade at preſent labours under, and for the Recovery and Eu- 
largement of it; of the Aſſtento Contract; of our Trade to Fain, &c. 
Together with Conſiderations on our Money and Bullion. Its 
Exportation diſcuſs d. Scarcity of Silver Coin accounted for. The 
Means of procuring a Plenty and Free Circulation of both Species. 


The Second Edition. Price 5 5. 


The Laws of Jamaica, paſs d by the Governours, Council and Aſ- 
ſembly, in that Ifland, and confirm'd by the Crown. To which is 
prefix d an Account of Jamaica. The Second Edition. 


